Structures of antenna complexes and reaction centers from bacteriochlorophyll b-containing bacteria by Robert, B. et al.
Progress in Photosynthesis 
Research 
Volume 1 
P r o c e e d i n g s of t h e V H t h I n t e r n a t i o n a l Congress o n P h o t o s y n t h e s i s 
P r o v i d e n c e , Rhode I s l a n d , U S A , A u g u s t 1 0 - 1 5 , 1 9 8 6 ~ 
e d i t e d by 
J. BIGGINS 
D i v i s i o n o f Biology and M e d i a n e , B r o w n University 
Providence, R I 0 2 9 1 2 , U S A 
1987 MARTINUS NIJHOFF PUBLISHERS k J 
a member o f the K L U W E R A C A D E M I C P U B L I S H E R S GROUP Sil 
D O R D R E C H T / B O S T O N / L A N C A S T E R 
Distributors 
f o r t h e U n i t e d States a n d C a n a d a : Kluwer Academic Publishers, P . O . Box 358, 
Accord Station, Hingham, M A 02018-0358, U S A 
f o r t h e U K a n d I r e l a n d : Kluwer Academic Publishers, M T P Press Limited, 
Falcon House, Queen Square, Lancaster L A 1 1RN, U K 
f o r a l l o t h e r c o u n t r i e s : Kluwer Academic Publishers Group, Distribution Center, 
P . O . Box 322, 3300 A H Dordrecht, The Netherlands 
ISBN 90-247-3450-9 (vol. I) 
ISBN 90-247-3451-7 (vol. II) 
ISBN 90-247-3452-5 (vol. III) 
ISBN 90-247-3453-3 (vol. IV) 
ISBN 90-247-3449-5 (set) 
Copyright 
© 1987 by Martinus Nijhoff Publishers, Dordrecht. 
A l l rights reserved. No part of this publication may be reproduced, stored in a 
retrieval System, or transmitted in any form or by any means, mechanical, 
photocopying, recording, or otherwise, without the prior written permission of 
the publishers, 
Martinus Nijhoff Publishers, P . O . Box 163, 3300 A D Dordrecht, 
The Netherlands. 
P R I N T E D I N T H E N E T H E R L A N D S 
V 
G E N E R A L C O N T E N T S 
Volume I 
1. Excitation Energy Transfer 1 
2. Primary Electron Transfer Reactions 151 
3. Chlorophylls and Model Systems 297 
4. Structure of Molecular Complexes: Chrystallographic and 
Physical Studies 353 
5. Oxygen Evolution 453 
Volume II 
1. Components and Pigment Protein Complexes a) b) c) d) 1 
2. Stoichiometry of Photosystem I and Photosystem II 233 
3. Lateral Heterogeneity and Stacking 269 
4. Localization of Membrane Components 293 
5. Effects of Environmental Changes and Growth Conditions 339 
6. Quinone Acceptors 387 
7. Cytochromes (b-f) Complex 441 
8. Lateral Electron Transport, Connectivity Between 
Photosystems 501 
9. Plastocyanin 521 
10. PSI-cyclic Electron Transport 537 
11. Inhibition and Environmental Effects 553 
12. General Aspects 613 
13. Higher Plants 669 
14. Organisms Containing Phycobilins 757 
15. Membrane Protein Kinases 797 
VI 
Volume MI 
1. Proton ATP-ase 1 
2. Electrochemical Proton Gradients and A T P Synthesis 127 
3. Light-dark Regulation of Carbon Metabolism 233 
4. Metabolite Regulation of Carbon Metabolism 273 
5. Ribulose 1,5 Bisphosphate Carboxylase Oxygenase 371 
6. Other Chloroplast Enzymes 435 
7. Metabolism of C4 and C A M Plants 503 
8. Integration of Carbon and Nitrogen Metabolism 535 
9. Photorespiration 549 
10. Carbon partitioning 675 
11. Herbicide Action 763 
Volume IV 
1. Photoinhibition 1 
2. Temperature 99 
3. Water Potentials 147 
4. Salinity and Nutrient Deficiency 185 
5. Regulation of Gas Exchange 209 
6. Mechanisms of C O , Concentration 289 
7. Crop Productivity 361 
8. Biosynthesis of Photosynthetic Pigments 423 
9. Photoregulation of Chloroplast Development 511 
10. Chloroplast Molecular Genetics 617 
11. Photosynthetic Bacteria 691 
12. Gyanobacteria 749 
VII 
C O N T E N T S T O V O L U M E I 
General Contents V 
Contents Volume I VII 
Preface X X I 
Acknowledgments X X I I I 
Local Organizing Committe X X V 
.1. Excitation Energy Transfer 
Picosecond Absorption and Fluorescence Spectroscopy of Energy 
Transfer and Trapping in Photosynthetic Bacteria 1 
R. van Grondelle 
Excitation Energy Transport in the Antenna Systems of Purple 
Bacteria, Studied by Low-intensity Picosecond Absorption 
Spectroscopy 9 
V . Sundström, R. van Grondelle, H . Bergström, E . Äkesson, 
T. Gillbro 
The Organization of the Light Harvesting Antenna of Purple Bacteria 13 
M . Vos, R . J . van Dorssen, R . van Grondelle, C . N . Hunter, 
J. Amesz, L . N . M . Duysens 
Photochemical and Non-photochemical Holeburning Studies of 
Energy and Electron Transfer in Photosynthetic Reaction Centers and 
Model Systems 17 
Steven G . Boxer, Thomas R. Middendorf, David J. Lockhart, 
David S. Gottfried 
The Temperature Dependence of Electron Back-transfer from the 
Primary Radical Pair of Bacterial Photosynthesis 25 
David E . Budil , Stephen V . Kolaczkowski, James R. Norris 
Supramolecular Organisation of Light-harvesting Pigment-protein 
Complexes of R h o d o b a c t e r Sphaeroides Studied by Excitation Energy 
Transfer and Singlet-singlet Annihilation at Low Temperature in 
Phospholipid-enriched Membranes 29 
Willem H J . Westerhuis, Marcel Vos, Rob J. van Dorssen, 
Rienk van Grondelle, Jan Amesz, Robert A . Niederman 
VIII 
Correlation between the Efficiency of Energy Transfer and the 
Polyene Chain Structure of Carotenoids in Purple Photosynthetic 
Bacteria 33 
H . Hayashi, K . Iwata. T. Noguchi. M . Tasumi 
Triplet Energy Transfer between Photosynthetic Pigments: A n E S R 
Study of B800-850 Light-harvesting Complexes and Synthetic 
Carotenoporhyrin Molecules 37 
Harry A . Frank, Barry W. Chadwick. Chaoying Zhang, Jung Jin Oh 
Picosecond Excitation Energy Transfer between Different Light-
harvesting Complexes and Reaction Centres in Purple Bacteria 41 
V . l . Godik, A . Freiberg, K . Timpmann, A . Y u . Borisov. 
K . K . Rebane 
Spectral Dependence of the Fluorescence Lifetime of R h o d o s p i n l l u m 
R u b r u m . Evidence for Inhomogeneity of B880 Absorption Band 45 
A . Freiberg. V . l . Godik, K . Timpmann 
Protein Phosphorylation: A Mechanism for Control of Excitation 
Energy Distribution in Purple Photosynthetic Bacteria 49 
Nigel G . Holmes, John F. Al len 
A Model for the Functional Antenna Organization and Energy 
Distribution in the Photosynthetic Apparatus of Higher Plants and 
Green Algae 53 
Alfred R. Holzwarth 
Picosecond Transient Absorbance Spectra and Fluorescence Decay 
Kinetics in Photosystem II Particles 61 
A . R . Holzwarth, H . Brock, G H . Schatz 
Picosecond Time Resolved Chlorophyll Fluorescence Spectra from 
Pea Chloroplast Thylakoids 67 
G . H . Schatz, A . R . Holzwarth 
Picosecond Fluorescence Spectra of Synchronous Cultures of the 
Green Alga Scenedesmus O b l i c / u u s 71 
E . Bittersmann, H . Senger, A . R . Holzwarth 
Measurements and Kinetic Modeling of Picosecond Time-rcsolved 
Fluorescence from Photosystem I and Chloroplasts 75 
Bruce P. Wittmershaus 
Time-resolved Fluorescence Decay Kinetics in Photosystem I. 
Experimental Estimates of Charge Separation and 
Energy Transfer Rates 83 
T.G.^Öwens, S.P. Webb, D . D . Eads, R.S. Alberte. L . Mets, 
G . R . Fleming 
Spectral Properties of Photosystem I Fluorescence at Low 
Temperatures 87 
J . Wachtveitl. H . Krause 
IX 
Analysis of Pigment System I Chi a Fluoresence at Room 
Temperature by the Steady State Spectrum and the Time Resolved-
spectrum in Picosecond Time Range 91 
Mamoru Mimuro, Ivvao Yamazaki, Naoto Tamai. Tomoko Yamazaki, 
Yoshihiko Fujita 
Spectral Shifts in Picosecond Transient Absorption Spectra Due to 
Stimulated Emission from Chlorophyll i n v i t r o and 
in Protein Complexes 95 
D . R. Klug, B . L . Gore, L . B . Giorgi , G . Porter 
Fast Fluorescence and Absorption Measurements of Photosystem 1 
from a Cyanobacterium 99 
E . Hilary Evans, Raymond Sparrow, Robert G . Brown, 
David Shaw. John Barr, Martin Smith and William Toner 
Anomalous Fluorescence Induction on Subnanosecond Time Scales 
and Exciton-exciton Annihilations in PSII 103 
A . Dobek, J . Deprez, N . E . Geacintov, J . Breton 
Laser Flash-induced Non-sigmoidal Fluorescence Induction Curves 
in Chloroplasts 107 
Nicholas E , Geacintov. Jacques Breton, Lee France, Jean Deprez, 
Andrzej Dobek 
Is Variable Fluorescence Due to Charge Recombination? 111 
I. Moya, M . Hodges, J - M . Briantais 
Time Resolved Chlorophyll Fluorescence Studies of Photosynthetic 
Pigment Protein Complexes: Characterisation of 
Five Kinetic Components 115 
M . Hodges, I. Moya, J - M . Briantais, R. Remy 
Multivariate Analysis of Photosystem II Chlorophyll Fluorescence 
Quenching by Quinones 119 
K . K . Karukstis, S.C. Boegeman, S . M . Gruber, C R . Monell , 
J . A . Fruetel, M . H . Terris 
Energy Transfer in Chlorophyll Antennae of Isolated 
PSII Particles ^ ' 123 
Tomas Gil lbro, Äke Sandström, Vil ly Sundström, Michael Spangfort, 
Bertil Andersson. Göran Lagenfelt 
Polarized Spectra of PS2 Particles in P V A Films 127 
D . Frackowiak, W. Hendrich, M . Romanowski, A . Szczepaniak, 
R . M . Leblanc 
The Dependence of the Energy Transfer Kinetics of the Higher Plant 
Light Harvesting Chlorophyll-protein Complex on Chlorophyll/ 
Detergent Resolubilisation Ratios 131 
J.P. Ide, D . R . Klug, B . Crystall, B . L . Gore, L . B . Giorgi , 
W. Kuhlbrandt, J . Barber, G . Porter 
X 
Characterization of the Fluorescence Decays of the Chlorophyll 
a l b Protein 135 
D . D . Eads. S P . Webb, T . G . Owens, L . Mets, R.S. Alberte, 
G . R . Fleming 
Fluorescence Decay and Depolarization Kinetics Calculated Using 
Förster Inductive Resonance and the Molecular Coordinates for 
C-phycocyanin 139 
Kenneth Sauer, Hugo Scheer 
Photochemistry and Photophysics of C-phycocyanin 143 
Hueo Scheer 
2. Primary Electron Transfer Reactions 
Primary Reactions of Photosynthesis: Discussion of Current Issues 151 
Paul Mathis 
Selective Reduction and Modification of Bacteriochlorophylls and 
Bacteriopheophytins in Reaction Centers from 
Rhodopseudomonas V i r i d i s 161 
V . A . Shuvalov, A . Y a . Shkuropatov, M . A . Ismailov 
Spectroscopic and Primary Photochemical Properties of Modified 
Rhodopseudomonas Sphaeroides Reaction Centers 169 
Dewey Holten, Christine Kirmaier, Leanna Levine 
Fourier Transform Infrared (FTIR) Spectroscopic Investigations of 
the Primary Reactions in Purple Photosynthetic Bacteria 177 
E . Nabedryk, B . A . Tavitian, W.- Mäntele, W. Kreutz, J . Breton 
Picosecond Characterization of Primary Events in 
Rhodopseudomonas V i r i d i s Whole Cells by Transmembrane 
Potential Measurements 181 
J. Deprez. H . - W . Trissl, J . Breton 
Excitation of Antenna Pigments and Electron Transfer upon 
Picosecond Flash Illumination of Membranes of 
C h l o r o f l e x u s A u r a n t i a c u s 185 
A . M . Nuijs, H . Vasmel, L . N . M . Duysens, J . Amesz 
Electron Transport in H e l i o b a c t e r i u m C h l o r u m 189 
H . W . J . Smit, J . Amesz, M . F . R . van der Hoeven, L . N . M . Duysens 
A Possible Mechanism for Electron Transfer in the Diquinone 
Acceptor Complex of Photosynthetic Reaction Centers 193 
S.K. Buchanan, K . Ferris, G . C . Dismukes 
Triplet-minus-singlet Absorption Difference Spectra of Some 
Bacterial Photosynthetic Reaction Centers with and without 
Carotenoids Recorded by Magneto-optical Difference Spectroscopy 
( M O D S ) at 290 and 20 K " 197 
E . J . Lous, A . J . Hoff 
XI 
A n E . P . R . Signal Arising from Q B ~Fe in Chromaüum V i n o s u m 
Strain D " " 201 
P. Heathcote, A . W . Rutherford 
Photochemical Reduction of either of the Two Bacteriopheophytins in 
Bacterial Photosynthetic Reaction Centers 205 
Sandra Florin, David M . Tiede 
Reconstitution of Reaction Centers in Planar Bilayer Lipid 
Membranes ( B L M ) * 209 
H . T i Tien 
3 (P~T - ) Lifetime as Measured bv B, Field Dependent 
R Y D M R Triplet Yield ' 213 
Stephen Kolaczkowski, David BudiL James R. Norris 
Electron Transfer in Reaction Center Protein from R. Sphaeroides: 
Generation of a Spin Polarized Bacterio-chlorophyll Dimer E P R 
Signal Whose Formation is Modulated by the Electron Transfer Rate 
from Bacteriopheophytin to Q A 217 
M . R . Gunner, D . E . Robertson. R . L . LoBrutto. A . C . McLaughlin, 
P . L . Dutton 
Electric Field Dependence of Electron Transfer in Photosynthetic 
Reaction Centers from Rhodopseudomonas Sphaeroides 221 
G . A . Alegria, P . L . Dutton 
Hydrocarbon Tail Structure and its Effect on the Affinity and Kinetic 
Performance of Quinones at the Q A Site in Reaction Centers of 
R h o d o b a c t e r Sphaeroides R26 225 
K . Warncke, M . R . Gunner, B .S . Braun, C . - A . Y u , P . L . Dutton 
Excited States and Primary Photochemical Reactions in 
Photosystem I " 229 
A . M . Nuijs, V . A . Shuvalov, H . W . J . Smit, H . J . van Gorkom, 
L . N . M . Duysens 
Characterization of the Electron Acceptor A , in Photosystem I by 
Flash-absorption Spectroscopy at Low Temperature: Evidence that 
A , is Vitamin K, 233 
K . Brettel, P. Setif, P. Mathis 
E P R Evidence that the Photosystem 1 Acceptor A , is a 
Quinone Molecule 237 
M . C . Thurnauer, P. Gast, J . Petersen, D . Stehlik 
Investigation of the Chemical Nature of Electron Acceptor A , in 
Photosystem I of Higher Plants 241 
R . W . Mansfield, J . H . A . Nugent, M . C . W . Evans 
Evidence for the Existence of Electron Acceptors A„ and A , in 
Cyanobacterial Photosystem 1. 245 
N . S . Smith, R . W . Mansfield, J . H . A . Nugent, M . C . W . Evans 
XII 
Iron X-ray Absorption Spectra of Acceptors in PS I 249 
A n n E . McDermott, Vittal K . Yachandra, R . D . Guiles, 
R. David Britt, S .L. Dexheimer, Kenneth Sauer, Melvin P. Klein 
Photosystem I Charge Separation in the Absence of Centers A & B: 
Biochemical Characterization of the Stabilized P700 A2(X) Reaction 
Center 253 
John H . Golbeck, Kevin G . Parrett, Leslie L . Root 
Picosecond Transient Absorption Spectroscopy of Photosystem 1 
Reaction Centres from Higher Plants 257 
L . B . Giorgi , B . L . Gore, D . R . Klug, J.P. Ide, J . Barber, 
G . Porter 
Light-induced Fourier Transform Infrared (FTIR) Spectroscopic 
Investigations of Primary Reactions in Photosystem I and 
Photosystem II 261 
B . A . Tavitian, E . Nabedryk, W. Mäntele, J . Breton 
Chlorophyll Organization in Photosystem-I Reaction-center of 
Spinach Chloroplasts 265 
Isamu Ikegami, Shigeru ltoh 
Bound Quinones in the Reaction Centres of Bacteria and Plants 269 
M . C . W . Evans 
How Close is the Analogy between the Reaction Centre of PSII and 
that of Purple Bacteria? 2. The Electron Acceptor Side 277 
A . W . Rutherford 
Depletion and Reconstitution of the Quinone at the Q H Site in 
Photosystem II: A Thermoluminescence Study 285 
T. Wydrzynski, Y . Inoue 
Chemically-induced Dynamic Electron Polarization in Photosystem 2 
Reaction Centers 289 
Joseph T. Warden, Nathan M . Lacoff, Karoly Csatorday 
The Mechanism of Fatty Acid Inhibition in Photosystem 2 293 
Karoly Csatorday, Ciaire Walczak, Joseph T. Warden 
3. Chlorophylls and Model Systems 
I n v i v o Spectral Peaks Related to New Chemical Species of 
Chlorophylls: 4-Vinyl-4-Desethyl 297 
Maarib B . Bazzaz 
Chlorophyll a ' in Photosynthetic Apparatus: Reinvestigation 303 
Tadashi Watanabe, Masami Kobayashi, Masataka Nakazato, 
Isamu Ikegami, Tetsuo Hiyama 
XIII 
Are Chlorinated Chlorophylls Components of Photosystem I 
Reaction Centers? 307 
J. Fajer, E . Fujita, H . A . Frank, B . Chadwick, D . Simpson. 
K . M . ' Smith 
Environmental Effects on the Properties of Chlorophylls i n v i v o 
Theoretical Models 31.1 
L . K . Hanson, M . A . Thompson, J. Fajer 
Effects of Structure and Geometry of Pigment-Protein Complexes on 
Experimental Ouantities in Primary Processes of Photosynthesis 315 
K . Vacek, M . Ambroz, O. Bilek, J . Hala, V . Kapsa. P. Pancoska, 
1. Pelant, L . Skala, L . Souckova 
Infrared Study of Solid Chlorophyll a Absorbing Near 700 nm at 
Room Temperature 321 
Camille Chapados 
Borohydride Reduction of Bacteriochlorophyll a in the Light 
Harvesting Protein of R h o d o s p i r i l h t m R u b r u m 325 
Patricia M . Callahan, Therese M . Cotton, Paul A . Loach 
Fourier-transform Infrared (FTIR) Spectroelectrochemistry of 
Bacteriochlorophylls 329 
W. Mäntele , A . Wollenweber, E . Nabedryk, J. Breton, F. Rashwan, 
J. Heinze, W. Kreutz 
Solvent Effects on the Transfer Kinetics of 
Bacteriochlorophyll Oxidation 333 
Therese M . Cotton, Randall L . Heald 
X - and Y-polarized Absorptions of Chlorophyll a and Pheophytin a 
Oriented in a Lamellar Phase of Glycerylmonooctanoate/water 337 
M . Fragata, T. Kurucsev, B . Norden 
The Bacteriochlorophyll c Dimer in Carbon Tetrachloride 341 
J . M . Olson, G . H . van Brakel, P . D . Gerola. J.P. Pedersen 
Superoxide Photogeneration by Chlorophyll a in Water/Acetone 
Solutions. Electron Spin Resonancc Studies of Radical Intermediates 
in Chlorophyll a Photoreactions i n v i t r o 345 
Jun-Lin Y o u , Karen S. Butcher, Angela Agostiano, Francis K . Fong 
Resonant Energy Transfer between Bulk Chlorophyll a and 
Chlorophyll a Dihydrate Dimers in Water/Acetone Mixtures. 
A Model of Sensitized Excitation in Plant Photosynthesis 349 
Angela Agostiano, Karen A . Butcher, Michael S. Showeil, 
Jun-Lin Y o u , Albert J . Goth, Michael S. Showell 
4. Structure of Molecular Complexes: Crystallographic and Physical Studies 
The Structural Organization of Photosynthetic Reaction Centers 
Hartmut Michel , Johann Deisenhofer 
353 
XIV 
Reinting Structure to Function in Bacterial Photoreaction Centers 363 
J.R. Norris, D . E . Budil , D . M . Tiede, J . Tang, S .V. Kolaczkowski, 
C . H . Chang, M . Schiffer 
Crystallographic Studies of the Photosynthetic Reaction Center from 
R. Sphaeroides 371 
C . - H . Chang, D . Tiede, J. Tang, J. Norris, M . Schiffer 
Structure Analysis of the Reaction Center from Rhodopseudomonas 
Sphaeroides: Electron Density Map at 3.5Ä Resolution 375 
J.P. Al len , G . Feher, T . O . Yeates, D . C . Rees 
Evidence of the Primary Charge Separation in the D , D : Complex of 
Photosystem II from Spinach: E P R of the Triplet State 379 
M . Y . Okamura, K . Satoh, R . A . Isaacson, G . Feher 
Crystallization and Spectroscopic Investigations of the Pigment-
protein Complexes of Rhodopseudomonas Palustris 383 
T. Wacker, K . Steck, A . Becker, G . Drews, N . Gad'on, W. Kreutz, 
W. Mäntele, W. Welte 
Spectroscopy, Structure and Dynamics in the Reaction Center of 
Rhodopseudomonas Viridis 387 
J. Breton, J . Deprez. B . Tavitian, E . Nabedryk 
Interspecific Structural Variations of the Primary Donor in 
Bacterial Reaction Centers 395 
Qing Zhou, Bruno Robert, Marc Lutz 
Linear-Dichroic Absorbance Detected Magnetic Resonance 
( L D - A D M R ) Spectroscopy of the Photosynthetic Reaction Center of 
Rhodopseudomonas V i r i d i s . Spectral Analysis by Exciton Theory 399 
E . J . Lous, A . J . Hoff 
Optical Properties of the Reaction Center of C h l o r o f l e x u s A u r a n t i a c u s 
at Low Temperature. Analysis by Exciton Theory 403 
H . Vasmel, R . F . Meiburg, J . Amesz, A . J . Hoff 
The Photochemical Reaction Center of C h l o r o f l e x u s A u r a n t i a c u s : 
Isolation and Protein Chemistry of the Purified Complex 407 
Judith A . Shiozawa, Friedrich Lottspeich, Reiner Feick 
Structures of Antenna Complexes and Reaction Centers from 
Bacteriochlorophyll b-containing Bacteria: 
Resonance Raman Studies 411 
Bruno Robert, Robert Steiner, Qing Zhou. Hugo Scheer, 
Marc Lutz 
Strong Orientational Ordering of the Near-infrared Transition 
Moment Vectors of Light-harvesting Antenna Bacterioviridin in 
Chromatophores of the Green Photosynthetic Bacterium Chlorobium 
Limicola, Strain c 415 
Z . G . Fetisova, S .G . Kharchenko, I .A . Abdourakchmanov 
XV 
Light Absorption and Fluorescence of BChl c in Chlorosomes from 
C h l o r o f l e x u s A u r a n t i a c u s and in an i n v i t r o Model 419 
Daniel C . Brune, Robert E . Blankenship 
Serrs as a Probe for Pigments Located near the Surfaces of Bacterial 
Photosynthetic Membranes 423 
Rafael Picorel, Randall E . Holt . Therese M . Cotton, 
Michael Seibert 
Optical Excited Triplet States in Antenna Complexes of the 
Photosynthetic Bacterium Rhodopseudomonas Capsulata A l a " 
Detected bij Magnetic Resonance in Zero-field 427 
A . Angerhofer. J . U . von Schütz, H . C . Wolf 
Singlet Energy Transfer in Photosynthetic Bacteria: Absorption and 
Fluorescence Excitation of B800-850 Complexes 431 
Barry W . Chadwick, Harry A . Frank, Chaoying Zhang. 
Shahriar S. Taremi, Richard J. Cogdell 
Properties of the Core Complex of Photosystem II 435 
J.J. Plijter, R . J . van Dorssen, J.P. Dekker, F . T . M . Zonneveld, 
H . J . van Gorkom, J . Amesz 
Pigment Arrangement in Photosystem II 439 
R.J . van Dorssen, J.J. Plijter, A . den Ouden, J. Amesz, 
H . J . van Gorkom 
Three-dimensional Crystals of the Light-harvesting Chlorophyll 
a/b Protein Complex from Pea Thylakoids 443 
W. Kuehlbrandt 
Interpretation of Transient Linear Dichroism Spectra of 
L H C Particles 445 
Robert S. Knox, Su Lin 
Resonance Raman Spectroscopy of Chlorophylls and the 
Light-harvesting Chlorophyll a/b Protein 449 
H . N . Fonda, G T . Babcock 
5. Oxygen Evolution 
Oxygen-evolving Complex of Photosystem II in Higher Plants 453 
Norio Murata. Mitsue Miyao 
Kinetics and Structure on the High Potential Side of 
Photosystem II 463 
G.T. Babcock, T . K . Chandrashekar, D . F . Ghanotakis, 
C . W . Hoganson, P.J . O'Malley, I .D. Rodriguez, C . F . Yocum 
Endor Characterization of H . O / D . O Exchange in the D " Z + Radical 
in Photosynthesis 471 
I.D. Rodriguez, T . K . Chandrashekar, G . T . Babcock 
XVI 
Endor Characterization of the Z + / D * Species in Photosystem II and 
Relevant Model Compounds 475 
T . K . Chandrashekar, P.J. O'Malley, I .D. Rodriguez, G . T . Babcock 
Time-resolved E S R Spectrum of Z~ in Oxygen-evolving 
Photosystem II Membranes 479 
C . W . Hoganson, Y . Demetriou. G . T . Babcock 
Spatial Relationship between the Intramembrane Components (D+. 
Z") which Give Rise to Signal II and the Membrane Peripheral 
Proteins Working in Photosystem II Oxygen Evolution Studied by the 
Effect of Spin-relaxing Reagent Dysprosium 483 
Shigeru Itoh, Yasuhiro Isogai, Xiao-Song Tang. Kimiyuki Satoh 
The Effects of Chemical Oxidants on the Electron Transport 
Components of Photosystem II and the Water-oxidizing Complex 487 
J. Tso, D . Hunziker. G . C . Dismukes 
On the Mechanism of Photosynthetic Water Oxidation 491 
Gary W. Brudvig. Julio C. de Paula 
Coordination of Ammonia, but not Larger Amines, to the 
Manganese Site of the O^-evolving Center in the S, State 499 
Warren F. Beck, Gary W. Brudvig 
E P R Studies of the Oxygen-evolving S y s t e m . The Interaction 
with Amines 503 
Lars-Erik Andreasson, Örjan Hansson 
Cooperative Binding of Hydroxylamine and Hydrazine to the 
Water-oxidizing Complex 511 
Verena Förster, Wolfgang Junge 
Reaction Mechanisms of FLO Substrate Analogues at the PS II-donor 
Side in Thylakoids and PS II-particles 515 
B . Hanssum, G . Renger 
Proton Release by Photosynthetic Water Oxidation 519 
Ralf Diedrich-Glaubitz, Manfred Völker, Gernot Renger, 
Peter Gräber 
On the Cleavage of Water 
Pattern of Charges and Protons. States of Water and Manganese. 
Routes and Rate of Intermediates 523 
H . T . Witt, Ö. Saygin, K . Brettel, E . Schlodder 
Absorption Changes with Periodicity Four, Associated with 
Photosynthetic Oxygen Evolution 533 
Jan P. Dekker, Johan J . Plijter, Hans J. van Gorkom 
State of Manganese Düring Water Splitting 539 
Ö. Saygin, E T . Witt 
New Results about the Molecular Mechanism of 
Photosynthetic Water Oxidation 541 
G . Renger, B . Hanssum, W. Weiss 
XVII 
The Modification of the Donor Side Reaction Pattern in 
PS II Membrane Fragments by Trypsin and CaCL 545 
M . Völker . H . J . Eckert, G . Renger 
Studies on Water Oxidation by Mass Spectrometry in the 
Filamentous Cyanobacterium O s c i l l a t o r i a C h a l y b e a 549 
Klaus P. Bader, Pierre Thibault, Georg H , Schmid 
Flash-induced Enhancements in the 'H-relaxation Rate of 
Photosystem II Particles 553 
A . N . Srinivasan, R . R . Sharp 
The State of Manganese in the Photosynthetic Apparatus: 
A n X-ray Absorption Spectroscopy Study 557 
Vittal K . Yachandra. R . D . Guiles, Ann McDermott, James Cole, 
R. David Britt, S .L. Dexheimer, Kenneth Sauer, Melvin P. Klein 
Structural Features of the Manganese Cluster in Different States of 
the Oxygen Evolving Complex of Photosystem II: 
A n X-ray Absorption Spectroscopy Study 561 
R . D . Guiles, Vittal K . Yachandra, Ann E . McDermott, 
R. David Britt, S .L. Dexheimer, Kenneth Sauer, Melvin P. Klein 
Characterization of the MN-containing 0 : Evolving Complex from 
the Cyanobacterium Synechococcus Using E P R and 
X-ray Absorption Spectroscopy 565 
A n n McDermott, Vittal K . Yachandra. R . D . Guiles, R. David Britt, 
S .L. Dexheimer, Kenneth Sauer, Melvin P. Klein 
The Flash Number Dependence of E P R Signal II Decay As a Probe 
for Charge Accumulation in Photosystem II 569 
James Cole, Kenneth Sauer 
Electron Spin Echo Studies of PSII Membranes 573 
R. David Britt, Kenneth Sauer. Melvin P. Klein 
E P R Studies at 9 and 34 G H z of the Multiline and 
g = 4 A S, Signals 577 
Roland Aasa, Örjan Hansson, Tore Vänngard 
Structural and Functional Aspects of Electron Transfer in 
Photosystem 2 of Oxygen-evolving Organisms 581 
V . V . Klimov, L B . Ganago, S.L Allakhverdiev, M . A . Shafiev, 
G . M . Ananyev 
The Study of Effects on Strongly-bound Manganese of 
Oxygen Evolving Complex in Wheat Chloroplasts by E P R 585 
Sun Q i , Luo Chang-Mei, Zhang L i - L i . Fang Zhao-Xi , Mei Zhen-An 
Evidence for the Role of Functional Manganese in 
Hydrogen-peroxide-stimulated Oxygen Production of the First Flash 
in CACL : -washed Photosystem II Membranes 589 
Steven P. Berg, Michael Seibert 
XVIII 
Interaction between Manganese and the 33-kilodalton Protein in 
Spinach PS II " 593 
Yasusi Yamamoto 
Manganese and Calcium Binding Properties of the Extrinsic 
33 kDa Protein and of Photosystem II Membranes 597 
D . Hunziker, D . A . Abramowicz, R. Damoder. G . C . Dismukes 
The 33 kDa Extrinsic Polypeptide of Photosystem II is not a Ligand to 
Manganese in the O, Evolving Complex 601 
Anne-Frances Miller , Julio C . de Paula, Gary W. Brudvig 
Effect of Release of the 17 and 23 kDa Polypeptides of 
Photosystem II on Cytochrome b^, 605 
Julio C . de Paula, Brian W. Wu , Gary W. Brudvig 
Cytochrome b, 5 9 Plays a Structural Role in the Oxygen Evolving 
Complex of Photosystem II 609 
Lynmarie K . Thompson. Julian M . Sturtevant, Gary W. Brudvig 
Effect of the 33-kDa Protein on the S-state Transition in the 
Oxygen-evolving Complex 613 
M . Miyao, N . Murata, B . Maison-Peteri, A . Boussac, A . - L . Etienne, 
J . Lavorel 
PSII Ca Abundance and Interaction of the 17,24 k D Proteins with the 
C l ~ / C a 2 + Essential for Oxygen Evolution 617 
Kirk Cammarata, George Cheniae 
Photoactivation of the Water Oxidizing Complex by 
Photosystem 2 Membranes 621 
N . Tamura, G . Cheniae 
Numbers of Calcium Ions Associated with Oxygen Evolving 
Photosystem II Preparations with Different Affinities 625 
Sakae Katoh. Kazuhiko Satoh. Takashi Ohno, Jian-Ren Chen, 
Yasuhiro Kasino 
Involvement of C a : + and the 33 kD Polypeptide in C l Binding to the 
Oxygen Evolving Complex of Photosystem II 629 
W . J . Coleman, Govindjee, H.S . Gutowsky 
Inhibition at the C A 2 f Sensitive Site of the Oxygen Evolving Center 
by Ruthenium Red 633 
Sylvie Lemieux, Robert Carpentier 
Thermoluminescence Studies of the Abnormal S-states Formed in 
CI"-depleted or 33 kDa Extrinsic Protein-depleted PSII 637 
Yorinao Inoue 
Temperature Dependence of the S-state Transition in a Thermophilic 
Cyano-bacterium Measured by Thermoluminescence 645 
Hiroyuki Koike, Yorinao Inoue 
XIX 
Depletion of C l ~ or 33 kDa Extrinsic Protein Modifies the Stability of 
S 2 Q A and S 2 Q B Charge Separation States in PS II 649 
Imre Vass, Taka-aki Ono, Peter H . Homann, Hermann Gleiter, 
Yorinao Inoue 
Abnormal S 2 State Formed in Chloride Depleted Photosystem II as 
Revealed by Manganese E P R Multiline Signal 653 
T. Ono, J . L . Zimmermann, Y . Inoue, A . W . Rutherford 
C l " Dependent Binding of the Extrinsic 23 kDa Polypeptide at the 
Water Oxidizing Site of Chloroplast Photosystem II 657 
Peter H . Homann 
Effects of Chloride on Paramagnetic Coupling of Manganese in 
Calcium Chloride-washed Photosystem II Preparations 661 
Gopinath Mavankal, Douglas C . McCain , Terry M . Bricker 
Accessibility for, and Production of H 2 0 , Related to PS-II 665 
Wolfgang P. Schröder, Hans-Erik Äkerlund 
Reversible Inhibition of Photosystem Two Electron Transfer 
Reactions and Specific Removal of the Extrinsic 23 kDa Polypeptide 
by Alkaline p H 669 
David J. Chapman, James Barber 
0 2 Flash Yie ld Sequences of Photosystem II Membranes-Sequential 
Extraction of the Extrinsic Proteins 673 
Michael Seibert, Brigitta Maison-Peteri, Jean Lavorel 
Comparative Study of Period 4 Oscillations of the Oxygen and 
Fluorescence Yie ld Induced by a Flash Series in Inside out Thylakoids 677 
M . J . Delrieu, F. Rosengard 
Purification of an Oxygen Evolving Photosystem II Reaction Center 
Core Preparation 681 
D . F . Ghanotakis, D . M . Demetriou, C . F . Yocum 
Selective Depletion of Water-soluble Polypeptides Associated with 
Photosystem II 685 
Charlene M . Waggoner, Charles F. Yocum 
Binding of the 17 and 23 kDa Water-soluble Polypeptides to a Highly-
resolved PSII Reaction Center Complex 689 
Stewart Merritt, Patrik Ernfors, Demetrios Ghanotakis, 
Charles Yocum 
A Manganese Containing Protein Complex Isolated from 
Photosystem II Preparations of Spinach 693 
Nei l R. Bowlby, Wayne D . Frasch 
Purification and Proteinchemical Characterization of the Extrinsic 
Membrane Proteins in the Water Splitting System of Spinach 697 
Joachim Vater, Johann Salnikow, Ricci Zepmeusel, Christer Jansson 
XX 
Partial Amino A c i d Sequences of the Proteins of Pea and Spinach 
Photosystem II Complex 701 
N . Murata, H . Kajiura, Y . Fujimura, M . Miyao, T. Murata, 
A . Watanabe, K . Shinozaki 
Proline-rich Structure at Amino-terminal Region of the 18-kDa 
Protein of Photosynthetic Oxygen-evolving Complex 705 
Tomohiko Kuwabara, Teruyo Murata, Mitsue Miyao, Norio Murata 
Topographical Studies on Subunit Polypeptides of Oxygen-evolving 
Photosystem II Preparations by Reversible Crosslinking: Functions of 
Two Chlorophyll-carrying Subunits 709 
Isao Enami, Takeshi Miyaoka, Sahoko Igarashi, Kazuhiko Satoh, 
Sakae Katoh 
Tenacious Association of the 33kDa Extrinsic Polypeptide 
(Water Splitting) with PS II Particles 713 
Edith L . Camm, Beverley R . Green 
Thermodynamic Constraints to Photosynthetic Water Oxidation 717 
Lee Spencer, Donald T. Sawyer, Andrew N . Webber, 
Robert L . Heath 
Binuclear and Tetranuclear Manganese Complexes: As Models for 
the Site for Photosynthetic Water Oxidation 721 
J . E . Sheats, B . C . UnniNair , V . Petrouleas, S. Artandi, 
R . S . Czernuszewicz, G . C . Dismukes 
Models for Manganese Centers in Metalloenzymes 725 
Vincent L . Pecoraro, Dimitris P. Kessissoglou, Xinhua L i , 
William M . Butler 
Molecular Orbital Study (IV) on the 'Microsurface' Model of 
Catalytic Binuclear Manganese Complex in Photosynthetic Water-
splitting and Oxygen-evolving Reaction 729 
Masami Kusunoki 
Dynamic Linearity of the Bare Platinum Electrode for Oxygen 
Exchange Measurements in Marine Algae 733 
S.L Swenson, C .P . Meunier, K . Colbow 
A Dynamic Model for the Bare Platinum Electrode 737 
C . P . Meunier, S.L Swenson, K . Colbow 
Index of names 741 
1.5.740 
REFERENCES 
1 Swenson, S.I., Colbow, K. and Vidaver, W.E. (1986) Plant Physiol. 80, 
346-349 
2 Kleinbaum, D.G. , Kupper, L.L. (1978) in Applied Regression Analysis and 
other Multivariable Methods (Service to Publishers Inc., ed.), pp. 158-
162, Duxbury Press, Belmont, California 
3 Ooliot, P., Hofning, M. and Chabaud, R. (1966) 3. Chim. Phys., 63, 
1423-1441 
4 Hoare, 3.P. (1985) 3. Electrochem. Soc., 132, 301-305 
5 Gille, 3-Ch., Decaulne, P. and Pelegrin, M. (1981) in Dynamique de la 
commande lineaire (Dunod, ed.), 6
tn
 ed., pp. 275-284», Bordas, Paris 
6 Dekker, 3.P. , Plijter, 3.3., Ouwehand, L. and Van Gorkom, H.3. (1984) 
Biochim. Biophys. Acta, 767, 176-179 
7 Diner, B.A. (1974) in Proceedings of the IHrd International Congress on 
Photosynthesis (Avron, M., ed.), Vol. 1, pp. 589-601, Elsevier, 
Amsterdam 
8 Diner, B.A. (1977) Biochim. Biophys. Acta 260, 247-258 
1.4.411 
STRUCTURES OF ANTENNA COMPLEXES ÄND REACTION CENTERS FROM 
BACTERIOCHLOROPHYLL B-CONTÄINING BACTERIA : 
RESONANCE RAMAN STUDIES 
* * 
Bruno ROBERT, Robert STEINER , Qing ZHOU, Hugo SCHEER and Marc 
LUTZ 
Departement de Biologie, CEN Saclay 91191 Gif sur Yvette Cedex 
France 
and * : Botanisches Institut der Universität München, D 8000 
München 19, GFR 
Resonance Raman (RR) spectroscopy yields detailed 
Information about the structure and ground-State environmental 
interactions assumed by bacteriochlorophyll a (BChl a) and 
bacteriophaeophytin a (Bpheo a) within bacterial pigment-protein 
complexes ( 1 - 3 ) . Recent successes i n crystallyzing reaction centers 
(RC) from Rhodopseudomonas v i r i d i s renewed interest i n BChl b- and 
Bpheo b-containing complexes ( 4 ) . We here report the f i r s t RR 
spectra of isolated BChl b and Bpheo b, as well as of BChl b-
containing antenna and reaction centers. D i f f i c u l t i e s due to the 
high photooxydability of those pigments have been overcome by 
working at 20 K in anoxic conditions , and by selectively avoiding 
resonance of decay products (363.8 nm excitation). 
RR SPECTRA OF ISOLATED BCHL B AND BPHEO B 
Fig 1 
of RR 
1600 1550 1700 
Waverxjmtwr l e r n ' 1 ) 
1550-1750 cm 
1750 
1) 
2) 
3) 
(T 
spectra^of 
Bpheo b in methanol 
regions 
BChl b 
BChl b 
= 20 K 
in hexane 
in methanol 
; exc. wv : 364 nm) 
Comparison of BChl a and BChl b 
RR spectra shows that the 
presence of the ethylidene 
grouping conjugated to cycle^II 
induces some large (> 6 cm ) 
frequency shifts, principally 
of bands at 697, 952, 1161, 
1218, and 1444 cm _ (BChl a). 
Except the 1161 cm one, 
these mocjij|s are^weakly sensitive 
to the N / N Substitution 
and thus should involve motions 
of the macroeycle periphery (3) . 
BChl b yields two strong bands at 
650 and_J351 cm"" (Bpheo b : 
1347 cm ), which are missing 
in BChl a spectra. These modes do 
not appear to predominantly arise 
from the ethylidene grouping. 
Differences observable between 
RR spectra of BChl b and of Bpheo b 
are very similar to those observed 
for the a derivatives (3). In 
particular, characteristic bands of 
phaeophytins at 2 7 0 , 777, 1106, 
1131 and 1590 cm" are present in 
intens,./. ( e d . ) , Prostess i n Photosynthesis Research, V o l . I. I S B N 9 0 2 4 7 3 4 5 0 9 
(C) /
(
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1.4.412 
Bpheo b RR spectra. ^ 
Free carbonyl stretching modes at 1678 and 1700 cm (fig 
1.3) indicate that the 9-keto carbonyl stretching frequency i s not 
affected by the presence of the additional C=C bond conjugated with 
cycle II, whereas the stretching mode of the 2-acetyl C=0 is 
upshifted by about 15 cm 
Fig 1.2 and 1.3 compare the higher frequency regions of RR 
spectra of BChl b in a polar solvent (central Mg 6-coordinated) and 
self-aggregated in a non polar solvent (central Mg 5-coordinated). 
This clearly shows that the methine bridge stretching mode of BChl 
b i s sensitive to the coordination State of the centraj Mg of the 
molecule, being located, as in BJhl a, around 1614 cm ' when 5-
coordinated, and around 1600 cm when 6-coordinated. 
INTERACTION STATES OF BCHL B IN ANTENNA COMPLEXES 
I 1 1 1 1 1 1 
15S0 1600 16S0 1700 1750 
Wavenumber (cm*1) 
Fig 2 : RR spectra of : 
1 : B 800-1020 complexes 
from Ectothiorhodospira 
halochloris 
2 : Chromatophores from 
Rhodopseudomonas v i r i d i s 
1550 1600 1650 1700 1750 Wavtrximb«r (cm*1) 
Fig 3 : 
1 : cf f i g . 2 .1 
2 : RR spectra of the 
same complex after 
HCl treatment 
Fig 2.2 displays the higher frequency region of RR spectra 
of whole chromatophores of Rps v i r i d i s : because of the low (0.08) 
RC : antenna ratio, these spectra essentially arise from B 1015 
antenna complexes alone. Fig 2 .1 shows the same frequency ränge for 
purified B 800-1020 antenna complexes from Ectothiorhodospira 
halochloris. In both of these spectra, the frequency of^the methine 
bridge stretching mode, being located around 1613 cm , clearly 
demonstrates that, as BChl a, BChl b i s preferentially 5-
coordinated when bound to protein. 
In the carbonyl stretching frequency region, RR spectra of 
B 1015 complexes from Rps v i r i d i s are quite different from those of 
the supposedly (5) homologous BChl a-containing B 880 complexes 
1.4.413 
from Rhodospirillales (1). Indeed, i f the number of conjugated C=0 
vibrators observable i n the spectra (three) i s c o n s i S t e n t with the 
stoichiometry proposed for these complexes (2 BChl b / complex), 
the frequencies of these vibrators (1639, 1670 and 1687 cm" ) are 
different from those observed in B 880 complexes (1). Indeed, the 
present spectra show that one acetyl carbonyl of one _ j f the two 
BChl b i s intermolecularly bound, vibrating at 1639 cm" , whereas 
that of the other i s free, vibrating at 1670 cm" . Moreover, the 
latter Raman band i s very l i k e l y degenerate, and most probably 
involves one keto carbonyl, then intermolecularly bound. The second 
keto group vibrates at 1687 cm" and i s only weakly interacting. 
One thus has to conclude that ground-State molecular interactions 
assumed by BChl b i n B 1015 complexes di f f e r from those assumed by 
BChl a i n B 880 complexes : in the latter, which form a homogeneous 
class from a structural point of view (1)/ both of the acetyl 
carbonyls of the BChl a~molecules are intermolecularly bound, and 
vibrate around 1643 cm" 
RR spectra of B 800-1020 of halochloris show that at least 
four unequivalent BChl b are present i n these complexes (table 1). 
This result agrees with the stoichiometry deduced from biochemical 
data (5 BChl b / complex)(6). Acid treatment of this complex 
induces a shift of the 1020 nm transition to 960 nm (6). This 
treatment affects the stretching frequencies of no more than two 
acetyl and two keto carbonyl groups (Fig 3 and Table 1). This 
confirms the hypothesis according to which (7) two out of the five 
BChl b molecules participate to the 1020 nm absorption band. 
B 880 B 1015 B 800-1020 viridis RC sphaeroides RC 
(Rsp rubrum) 1630 1628 1628 
1639 
* 
1634 1633 
1644 1643 
1651 1654 
1657 1660 
1664 
» 
1664 (?) 
1667 1671 1668 1671 
1674 1677 
\ 
1678 
1681 1686 1684 
1709 (?) 
1684 
1705 
Table 1 : compared frequencies of BChl b- and BChl a-containing 
complexes. ( j : intensity variations induced by HCl treatment) 
BCHL B-CONTAINING REACTION CENTERS 
We obtained RR spectra of reaction centers from Rps 
v i r i d i s ( f i g 4). In the lower and medium frequencies regions of 
these spectra, the main bands predominantly arise from Bpheo b and 
BChl b appears to poorly ccntribute. Howeyer, i n the higher 
frequency region, the low 1590 : 1615 cm" intensity ratio 
indicates a streng partieipation of BChl b. Moreover, the carbonyl 
stretching frequency region does not contain a l l of the 4 
frequencies that are observed when resonance i s with the 535-545 nm 
transition , hence selectively enhancing Bpheo contributions (8). 
Such a frequency-dependent balance of BChl / Bpheo contributions i s 
also observed i n RR spectra of RCs from Rhb sphaeroides R 26 
1.4.414 
excited at 364 nm (Robert, B. unpublished results). 
Fig 4 : RR spectra of_^reaction 
centers (1550-1750 cm region) 
from : 1, Rps v i r i d i s 
2, Rhb sphaeroides 
T = 20 K 
Excitation wavelength : 364 nm 
<% 
a : 
1550 K M 1650 1700 1750 
Wavenumb*r {cm"1) 
The frequencies observed in the carbonyl stretching region 
of the spectra only partially match with those observed for Rhb 
sphaeroides ( table 1 ) . Some of these differences may not indicate 
differences i n interaction states of conjugated carbonyls, but may 
arise from the above-mentioned difference i n stretching frequencies 
of free_acetyl C=0 in BChl a and BChl b. For example, the 1670 and 
1660 cm features observed for Rps v i r i d i s and Rhb sphaeroides 
RCs, respectively, may both arise from interaction-free acetyl 
groups. On the other hand, the 1628 cm" frequency, which, in RR 
spectra of Rhb sphaeroides RCs arises from the 535nm-absorbing 
Bpheo ( 8 ) , most probably arises , in RR spectra of Rps v i r i d i s RCs, 
from the primary donor (6 , 9 ) . A more detailed account of RR 
spectroscopy of the primary donor of Rps v i r i d i s i s given i n these 
Proceedings ( 9 ) . 
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B i g g e n s , J . 11.14, 773 , 777. 784 
B i l e k . O . 1.3.315 
B i s a n z - S e y e r . C . I V . 9 . 5 4 7 
B i s h o p . N . I . III.11.795 
B i s s i g . R . A . II . 1.13 
B i s w a l . B . I I . I I .565 
B i t l e r s m a n n . E . 1.1.71 
B j ö r k m a n , O . IV.1.11 
B l a c k . M . T . II .1.173: I I .7 .481; I I I . 6 . 4 6 7 
B l a c k w e l l . M . F . II .8.501 
B l a c k w e l l . R . D . I I I .9 .625 
B l a n k e n s h i p , R . E . 1.4.419; IV .11 .745 
B l e v i n s . D . G . I I I .9 .565 
B l o c k . J . I I I . 1.99 
B l o o m . M . I I I . 10.693 
B l y d c n . E . R . I V . 10.617 
B o c g e m a n , S . C 1.1.119 
B ö g e r , P . 11.12.637 
B o g o r a d . L . I V . 9 . 5 1 9 , 527; I V . 10.663: 
I V . 12.841 
B o l h ä r - N o r d c n k a m p f . H . R . I V . 5 . 2 3 7 
B o n g i , G . I V . 2 . 1 3 1 : IV .5 .241 
B o o t e . K . J . I V . 7 . 4 1 5 
B o r c h c r t , S. 11.10.537 
B o r i s o v . A . Y u . 1.1.41 
B o s c h e l t i . A . I V . 9 . 5 8 5 
B o u s s a c . A . 1.5.613 
B o w e r . J . 11.11.609 
B o w e s . G . I I I . 5 .399 ; I V . 5 . 2 5 3 ; I V . 6 . 3 4 5 
B o w l b y . N R . 1.5.693: II.1.117 
B o w y e r . J . R . I I I . 11.819 
B o y e r . J . S . I V . 3 . 1 4 7 . 153 
B o y e r . M . I I I .6 .435 
B o y e r , P . D . III.1.123 
B o y e r . S . K . IV.8.511 
B o x e r . S . G . I.1.I7 
B r a d b e e r . J . Y V . I I I . 4 .333 ; I I I .6 .483 
B r a d b u r y . M . I V . 1.47 
B r a d y . j ' . I I .5 .375 
B r a i l s f o r d , M . A . I I I . 10.747 
B r a n d , J . J . I V . 12.793 
B r a u n . B . S . 1.2.225 
B r e c h i g n a c . F . I I I . 9 .657 ; IV .6 .341 
B r e d e n k a m p , G . J . I V . 9 . 5 9 7 
B r e i d e n b a c h . E . I V . 9 . 5 8 5 
B r e t o n . J . 1.1.103. 107; 1.2.177. 181. 261; 
1.3.329: 1.4.387 
B r e t t e l . K . 1.2.233 
B r i a n t a i s , J . - M . 1.1.111; 11.13.705 
B r i c k e r . T . M . 1.5.661; II.1.129 
B r i g h t , S . W . J . I I I .9 .629 
B r o c k , H . I.I.61 
B r o u e r s . M . 11.12.645 
B r o w n . A . D . I V . 4 . 1 9 3 
B r o w n , C S . I I I . 10.725 
B r o w n . .1. II.1.181 
B r o w n . R . G . 1.1.99 
B r o w n . S . B . I V . 8 . 5 0 7 
B r u c e . D . I I . 14.773. 777 
B r u d v i g , G . W . 1.5.491. 499 , 601. 605 . 609 
B r u n c J D . C . 1.4.419 
B r u n i s h o l z . R . A . II.1.13 
B r u n k e . K . I I I .6 .499 
B r u s s l a n . J . A . I V . 1 2 . 8 2 1 . 825 
B r y a n t . D . A . I V . 1 0 . 6 5 9 : I V . 1 2 . 7 4 9 . 757. 761. 
765 . 769 
B u c . .1. I I I .6 .447 
B u c h a n a n . B . B . I I I .3 .241 . 249, 253 : H l . f t . 4 4 3 . 
4 8 7 : I I I . 10.729 
B u c h a n a n , S . K . 1.1.193 
B u c h h o l z . J . I II .2 .189 
B u d d e , R . . I . A . I I I .7 .503 
B u d i l . D . E . 1.1.25; 1.2.213: 1.4.363 
B u e t o w . D . E . I V . 9 . 5 3 9 
B u l l e r j a h n . G . S . I I . 1.145: I V . 12.773 
B u r c h e r t . M . I I I .4 .345 
B u r k e y , K . A . 11.5.243 
B u s c o n i . L . I I I .6 .459 
B u t c h e r . K . S . 1.3.454. 349 
B u t l e r . W . M . 1.5.725 
B u u r m e i j e r . W . F . I I .5 .383 
B u z b v . J . S . I V . 12.759. 761 
C a d e n h e a d , D . A . I I .4 .333 
C a l l a h a n . F . E . I I I . I I . 7 9 9 ; IV.1 .31 
C a l l a h a n . P . M . 1.3.325 
C a l l e g a r i , J . P . I V . 7 . 3 9 9 
C a m i l l e r i . P . I I I . I I .819 
G a m m . E . L . 1.5.713 
C a m m a c k . R . I V . 1.63 
C a m m a r a t a . K . 1.5.617 
C a m p b e l l . W . J . I I I . 5 .399 ; I V . 5 . 2 5 3 
C a n a a n i . ( ) . 11.14.769 
C a n n o n . S. I I I .5 .423 
C a n t r e l l . A . I V . 10.659: I V . 12.749 
C a n v i n , D T . I V . 6 . 3 1 3 
C a r l s o n , J . L . III.11.763 
C a r m e l i . C . III.1.123 
C a r p e n t i e r . R . 1.5.633 
C a r r . J . P . I V . 9 . 5 6 5 
C a t t o l i c o . R . A . I V . 10.671 
C e c c a r e l l i . E . A . I I I .6 .439 
C e l i s . H . II.ft.417; I I I .2 .225 
743 
C e u l c m a n s , R . IV.7 .411 
C h a d w i c k . B . W . 1.1.37: 1.3.307; 1.4.431 
C h a i n . R . K . I I .7 .465 
C h a n , R . L . I I I .6 .439 
C h a n d r a s h e k a r . T . K . 1.5.463. 471. 475 
C h a n g . C - H . 1.4.363. 371 
C h a n g . T . - E . I V . 8 . 4 2 3 
C h a n g - M c i . L . 1.5.585 
C h a o y i n g Z h a n g . 1.1.37 
C h a p a d o s . C . 13.321 
C h a p m a n . D . J . 1.5.669 
C h a r b o n n e a u . S. I I . 14.777 
C h a z d o n . R . L . I V . 5 . 2 5 7 
C h a v e s . M . M . IV.3 .181 
C h e n . H . - Q . I V . 9 . 5 3 9 
C h e n . J . - R . 1.5.625 
C h e n g . S . - H . I I I .9 .637 
C h e n i a e . G . M . 1.5.617, 621: IV.1.31 
C h e r n e y . B . I V . 10.653 
C h i l u . E . I I .4 .333 
C h i o u h i a t . A . III.11.827 
C h i s h o l m , D . A . I V . 1 2 . 8 0 5 , 809 
C h i t n i s , P . R . I V . 9 . 5 7 3 
C h o l l e t . R . I I I .7 .503 
C h o u . O - I I I . 10.729 
C h r i s t o p h e r s o n . L . I V . 10.653 
C h u n - h u i . X . I V . 2 . 9 9 
C h r y s t a l , J . II.1.189 
C h y l l a , R . I I .2 .237 
C l a i r m o n t . K . B . I V . 8 . 5 0 3 
C l e l a n d . R . E . I V . 1 . 2 7 
C l e m e n t - M e t r a i . . I . D . I I I .6 .455 
C l e m e t s o n - N u s s b a u m J . I V . 9 . 5 8 5 
C o h n . A . H . I I I .10 .705 . 709 
C o l b o w . K . 1.5.733. 737 
C o l e . J . 1.5.557, 569 
C o l e m a n , . L R . I V . 6 . 3 2 5 ; I V . 12.829. 833 
C o l e m a n . W..1 . 1.5.629 
C o l l i n s , P . D . I V . 9 . 5 5 7 
C o n d o n . A . C . I V . 5 . 2 0 9 
C o n r a d s , J . I I I .6 .479 
C o o k . W . B . IV .10 .675 
C o o m b e r , S . A . I V . 1 1 . 7 3 3 . 737 
C o r n e l l . B . A . 11.8.509 
C o r n u . A . II .5.371 
C o r r a d i n i . D . I I I .5 .427 
C o t t o n . N . P . J . I I I .2 .127 
C o t t o n . T . M . 1.3.325. 333; 1.4.423 
C ' o u g h l a n . S . .L I I . 10.545; 11.15.797. 801 
C o u r t i c e . G . R . M . I V . 1 0 . 6 2 5 
C o x , R . P . 11.14.789 
C r a m e r . W . A . II .1.173; I I .7 .481; I I I .6 .467 
C r a w f o r d . N . A . I I I .3 .241 , 249. 253 
C r i t c h l e y . C . I I . 3 . 273 : I V . 1 . 2 7 
C r o f t s . Ä . R . I I . 6 . 425 , 429 : I I . 7 .493 ; 11.12.661, 
665 
C r o s s l a n d , L . D . I V . 9 . 5 1 9 
C r y s t a l L B . 1.1.131 
C s a t o r d a y . K . 1.2.289, 293 
C s e k e . C . I I I . 10.729 
C u r t i s . S . E . I V . 12.797 
C u s h m a n . J . C . I V . 10.667 
C z e r n u s z e w i c z . R . S . 1.5.721 
D a i . I I P . I I I .1 .37 , 103 
D a l d a l . F . I I . 6 . 4 0 5 : IV .11 .707 . 713 
D a g u e n e t , A . I I I .9 .657 
D a m m . I. I I .1.137; I I .5 .347 , 351 
D a m o d e r . R . 1.5.597 
D a n i e l l . H . I V . 12.837 
D a r r . S . C . I I . 1.141 
D a v c n p o r t . J . W . I I I . 1.61 
D a v i d Br i t t , - R . 1.2.249; 1.5.557. 561. 565 . 573 
D a v i d s o n . E . IV.11.713 
D a v i c s . E . C . 11.7.485 
D a v i s . D . I I I .6 .435 
D a v i s . D . J . I I .7 .473 
D a v i s . E . A . I V . 8 . 5 0 3 
D e d n c r . N . I I I . 11.787 
D e i s e n h o f c r . J . 1.4.353 
de J o n a . H . 11.12.645 
D e k k e r . J . P . 1.4.435; 1.5.533 
de K o u c h k o v s k y , Y . III .2 .169 
de la T o r r e . W . R . I I .5 .343 
D e l a u n a y . A . - M . I V . 8 . 4 4 9 
de L o r i m i e r . R . I V . 12.749 
D c l r i c u . M . J . 1.5.677 
D c m c t r i o u . D . M . 1.5.681 
D c m c t r i o u , Y . 1.5.479 
D e n g . X . I I . 2 . 257 
d e n O u d e n , A . 1.4.439 
de P a u l a . J . C . 1.5.491, 601. 605 
D e p r e z . J . 1.1.103. 107; 1.2.181: 1.4.387 
de V i t r y . C . II.1.105 
D e V r i e s , S. I I .6 .437 
de W a n n e m a e k e r . B . I V . 7 . 3 9 9 
D e W i t , M . I I .4 .297 
D e x h e i m e r . S . L . 1.2.249; 1.5.557, 561. 565 
D i e d r i c h - G l a u b i t z . R . 1.5.519 
D i e r s t e i n , R . IV.11.691 
D i e t z . K . - J . I I I . 4 . 2 9 3 , 329 
D i l l e y , R . A . I II .2 .161, 165 
D i M a r c o , G . I I I .5 .427 
D i n e r , B . A . I I . 1.105 
D i s m u k e s . G . C . 1.2.193; 1.5.487. 597 . 721 
D m o c h . R . III.11.787 
D o b e k . A . 1.1.103. 107 
D o m a n . N . G . III .5.431 
D o m i n y , P . J . I I .1 .201: I V . 1 . 3 5 
D o r n e . A . M . I V . 9 . 5 4 7 
D ö r n e m a n n , D . IV .8 .491 
D o s t a t n i , R . II .6.421 
744 
D r e w s . G . 1.4.383: I V . 11.691 
D r o p p a . M . 11.11.569 
D r o u x . M . I I I .3 .241 . 249 
D u . Z . Y . III .2.217 
D u h b s . J . M . I V . 12.715 
D u j a r d i n . E . I V . 9 . 6 1 3 
D u n a h a y . E . G . 11.13.701 
D ü n n . P . P . J . IV.10 .617 
D u r e l l . S. I I .9 .533 
D u t t o n , P . L . 1.2.217. 221, 225: I I . 6 .405 . 409 . 
413. 437 
D u y s c n . M . E . IV .9 .601 
D u y s e n s . L . N . M . 1.1.13, 185; 1.2.189, 229 
D y e r . T . A . III .11.779: IV .10 .617 . 625 
D z e l z k a l n s . V . A . I V . 12.841 
E a d s , D . D . 1.1.83, 135 
E a s t e r b y . J . S . I I I .6 .463 
E a t o n - R v e , J . J . I I .6 .433 
E c c l e s . C . J . I V . 10.617 
E c k e r t , H . J . 1.5.545 
E d e l m a n , M . 111.11.799 
E d w a r d s . G . E . I I I . 3 .257 ; I V . 6 . 3 5 7 
E h a r a , T . I V . 9 . 6 0 9 
E i c h e l m a n n . LI . I V . 5 . 2 4 5 
E l e u t e r i o . M . I V . 11.699 
E l H a m o u r i . B . I V . 7 . 4 0 7 
E n a m i , I. 1.5.709 
E n g e l b r e c h t . S. III.2.141 
E r d o s . G . I V . 9 . 5 3 9 
E r o k h i n . Y u . E . II.1.17 
E r n f o r s . P . 1.5.689 
E t i e n n e , A . - L . 1.5.613; II.1.133 
E d m a n , K . II .1.229 
E s p i e , G . S . I V . 6 . 3 1 3 
E v a n s , M . C . W . 1.1.99; 1.2.241. 245 . 269 
E v e n . D . I V . 1.79 
F a g e n b e r g . W . R . I V . 6 . 3 5 3 
F a h r c n d o r l , T . I I I . 10.735 
F a j e r . J . 1.3.307. 311 
F a l k o w s k i . P . G . I I . 5 .367 ; II .13.737 
F a r a g e . P . K . I V . 2 . 1 3 1 . 139 
F a r k a s . T . 11.11.569 
F a r g u h a r , G . D . I V . 5 . 2 0 9 
F a r r e l l y . D . IV.11 .729 
F e d e n k o , E . P . III .5.431 
F e e n e y . J . I I I .5 .395 
F e h e r . G . 1.4.375. 379; 111.11.775 
F c i c k , R . 1.4.407 
F e r r i s , K . 1.2.193 
F e t i s o v a . Z . G . 1.4.415 
F e y e n . J . IV.7 .411 
F i e b i g , C . 111.11.787 
F i g e y s , H . I I I . 11.827 
F i n k c . W . I I I .1 .99 
F i s c h e r , E . I V . 5 . 2 8 1 
F l a n a g a n . L . B . I V . 4 . 1 9 7 
F l e c k . I. 111.10.759 
F l e m i n g . G . R . 1.1.83, 135 
F lo rens r a , I. I I I . 10.759 
F l o r i n , S. 1.2.205 
F l ü g g e . U . - I . I I I .10.739 
F o g e L M . F . I I I .9 .597 
F o n d a . H . N . 1.4.449 
F o n g , F . K . 1.3.345, 349 
F o r d , M . A . IV .7 .361 
F o r s e t h . I . N . 1V.4.205 
F ö r s t e r , V . 1.5.511 
F o r t i . G . 11.13.721 
F o s t e r . J . IV .11 .745 
F o y e r . C . I I I . 4 .309 
F r a c k o w i a k , D . 1.1.127 
F r a g a t a . M . 1.3.337 
F r a n c e . L . 1.1.107 
F r a n c e s c h i . V . R . I I I .9 .637 
F r a n k , H . A . 1.1.37: 1.3.307; 1.4.431 
F r a n k e l . L . K . II.1.129 
F r a n s i . A . I I I .10.759 
F r a n z c n . L . - G . I I . 1.125 
F r a s c h , W . D . 1.5.693: II .1.I17; I I I .1 .71. 75 . 119 
F r e a s . S. I I I .5 .387 
F r e i b e r g . A . 1.1.41. 45 
F r i e d r i c h , A . I I . 1.29 
F r o m m e . R . III.11.783 
F r u c t e L J . A . 1.1.119 
F u 4 i o n g . Z . I V . 2 . 9 9 
F u j i m u r a . Y . 1.5.701 
F u j i t a E . 1.3.307 
F u j i t a . Y . 1.1.91; II .1.157: 11.13.737 
F ü l l e r . R . C . I V . 11.745 
F u n g , M . I V . 8 . 4 7 5 
F u r b a n k . R . I I I .4 .309 
F u - s h e n g . X . I I I .9 .66I 
G a d a l , P . I I I .3 .249 
G a d o n , N . 1.4.283 
G a n a g o , L B . 1.5.581 
G a r a b . G . I I .2 .237 ; 11.10.541 
G a r g , J . I V . 7 . 4 0 3 
G a s p a r i c h , G . E . IV.12.761 
G a s t , P . 1.2.237 
G e a c i n t o v , N . E . 1.1.103 
G e i g e r , D . R . III .4.341 
G e n t y , B . I V . 3 . 1 6 9 
G e r b l i n g . K . - P . I I I .6 .475 
G e r h a r d t . V . I I .8 .505 
G e r o l a , P . D . 1.3.341 
G h a n o t a k i s . D . F . 1.5.463, 681. 689 
G h a u s . H . I V . 9 . 6 0 5 
G h i r a r d i , M . L . II .2.261 
G h i s i , R . I I I .3 .265 
G h o s h . R . II.1.21 
G i a c o m c i t i . G . M . I I .3 .277 
G i a n g i a c o m o , K . M . I I .6 .409 
G i a r d i . M . T . I I I .5 .427 
G i b b s . M . I I I .4 .337 
G i l l o r d . R . M . I V . 7 . 3 7 7 
G i l l b r o . T . 1.1.9. 123 
G i l l o t t . M . I V . 9 . 5 3 9 
G i n g r i c h . J . I V . 1 2 . 7 5 7 
G i o r g i . L . B . 1.1.95. 131: 1.2.257 
G i r a r d - B a s c o u . J . I V . 10.655 
G i r o u d . C . I I . 1.213 
G i r v i n . M . E . I I .7 .4SI 
G j e r i s e n . K . I V . 1 . 8 7 
G l a d u c . R . M . 11.11.593 
G l e a s o n , F . K . III .11.763 
G l e i t e r , I L 1.5.649 
G l i c k . R . E . I I .2 .253 
G n a n a m . A . I I I .7 .515: I V . 9 . 5 8 9 . 593 
G o d i k . V . l . 1.1.41. 45 
G o g e l . G . II .1.29 
G o l b c c k . . L H . 1.2.253 
G o l d e n . S . S . I V . 1 2 . 8 2 1 . 825 
G o m e z - L o j c r o . C . I I I . 1.87 
G o n t e r o . B . I I I .6 .447 
G o n z a l e z . D . H . III .7.531 
G o o d c h i l d . D J . II.4.301 
G o r e . B . L . 1.1.95. 131: 1.2.257 
G o t e h . A . J . 1.3.349 
G o t o w . K . I V . 5 . 2 7 3 
G o t t f r i e d . D . S . 1.1.17 
G o u n a r i s . K . 11.1.89. 9 3 . 97 : I I .8 .501; 11.15.809 
G o v i n d j e e . 1.5.629; I I .6 .433 
C i o y a l . A . I V . 4 . 1 9 3 
G r a a n . T . II.2.241 
G r ä b e r . P . 1.5.519: I I I .1 .25 . 91; 111.2.173. 177 
G r a f . J . A . 11.13.713 
G r a n d o n i . P . I I I .2 .205 
G r a y , J . C . I V . 10.617. 625 
G r a y . K . I I I .6 .435 
G r e e n , B . R . 1.5.713; II .1.193. 197: 11.11.573: 
I V . 9 .577 
G r e e n b ä u m . N . L . II . 1.65 
G r e e n e , B . 11.13.697 
G r e e r , K . L . I V . 10.637 
G r i l T i t h . Ü . M . 
G r i l T i l h s . W . T . I V . 8 . 4 6 9 . 483 
G r i m m e . L . H . I I . 5 . 347 . 351 
G r o d z i n s k i , B . I I I . 9 .645 , 653 
G r o m e t - E l h a n a n , Z . I I I . 1.63 
G r o s s . E . 11.9.525. 529 . 533 
G r o s s m a n n . A . R . I V . 12.817 
G r u n a s . P . M . G . 11.13.721 
G r u b e r . S . M . 1.1.119 
G u e n t h e r . J . E . I V . 4 . 1 8 9 
G u g l i e l m i . G . I V . 12.749 
G u i k e m a . J . A . I V . 1 2 . 7 8 9 
G u i l e s . R . D . 1.2.249; 1.5.557, 561, 565 
G u i - Y i n g . B . I V . 3 . 1 5 7 
G u n n e r . M . R . 1.2.217. 225 ; I I . 6 .409 . 41 
G u o . B . J . I II .2.217 
G u r a l n i c k , L . J . I I I .7 .523 
G u s t a f s o n . S . W . I I I .4 .273 
G u t o w s k y . H S . 1.5.629 
G u t t e r i d g e . S. I I I .5 .395 
G u y . R . D . I I I .9 .597 
H a b a s h . D . Z . I V . 1.75 
H a d d y . A . E . III.J.119 
H a e h n e l , W . I I .8 .513: II .9.521 
H a g a r . W . G . I V . 8 . 5 0 3 
H a g e m a n . J . I V . 9 . 5 6 9 
H a g e m a n n , R . I I I . 11.783 
H a g u e . A . I V . 1 . 5 9 
H a g u c . D . R . I V . 9 . 5 5 7 
M a l a . J . 1.3.315 
H a l k i e r , B . A . II .1.49 
H a l l . D . O . 11.12.641. 645 ; I V . 1 . 3 9 , 63 
H a l l , M . R I V . 7 . 3 6 9 
H a l l . N . P . I I I .9 .611, 629 
H a l l i c k . R . B . I V . 1 0 . 6 6 7 
H a m i l t o n . R . H . I V . 12.757 
H a n g a r i e r . R . I I I .2 .205 
H a n s o n . K . R . I I I .9 .549 
H a n s o n . L . K . 1.3.311 
H a n s s o n . Ö . 1.5.503. 577 
H a n s s u m . B . 1.5.515, 541 
H a r a u x , F . I I I .2 .169 
H a r e l . E . I V . 9 . 5 7 3 
H a r r i s . G . C . III .6.491 
H a r r i s o n , M . A . 11.14.757 
H a r r s e h . P . B . III .6.471 
H a r t m a n . F . C . III .6.451 
H a r v c y , M . A . II .1.33 
H a s e . E . I V . 9 . 6 0 9 
H a s e l k o r n . R . I V . 12.821. 825 
H a s k a . G . 11.1.165; 11.7.477 
H a l z i o s . K . K . 11.11.577 
H ä u s l e r , R . E . III 7 527 
H a v a u x . M . 11.13.749 
H a v i r , E . A . III .9.581 
H a y a s h i , I I . 1.1.33 
H a y d c n . D . B . I V . 1 . 4 7 . 51 
H e a l d . R . L . 1.3.333 
H e a r s t . J . E . IV.11.717 
H e a t h . R . L . 1.5.717; 11.3.285: I I I .7 .523 
H e a t h c o t e , P . 1.2.201; I I .7 .453 
H e b e r . U . I I I . 4 . 293 ; I V . 2 . 1 0 7 
H e e m s k e r k . J . W . M . I I .1 .205, 209 
H e i c h e l . G . L L I V . 7 . 3 6 9 
H e i m a n n , K . I I I .4 .345 
H c i n z e . J . 1.3.329 
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H c i n z e , T . I II .2 .189 
H e i d t . H . W . I I I J 0 . 6 7 5 
H e n d r i c h . W . I . I . I27 
H c n d r y . G . I V . 8 . 4 9 9 
H c n r y s s o n , T . I I . 1.125 
H c r a s , L . IV .4 .201 
H e r r i n , D . L . I V . 10.637. 645 
H e u e r , B . I I I .4 .367 
H c u p e l , R . 11.10.537 
H i e r h o l z e r , P . D . 11.4,317, 321 
H i l a r v . E . 1.1.99 
H i l l e r . R . I I I . 1.123 
H i l l e r . R . G . 11.8.509 
H i n c h a . D . K . I V . 2 . 1 0 7 
H i n c h i g e r i . S . B . I V . 8 . 5 7 5 
H i n d , G . 11.10.541, 545 ; 11.14.797. 801 
H i n s h a w . J . E . 11.4.313 
H i n z . U . I I .3 .277 
H i r a s a w a . M . I I I .6 .435 
H i r d . S . M . IV .10 .617 . 625 
H i s a b o r i , T . III.1.13 
H i r s c h b e r g . J . III .11.791, 807 . 811 
H i y a m a . f . 1.3.303; 1.4.45; II . 1.57 
H o b b s , S . L . A . I V . 7 . 3 8 5 
H o d g e s . M . 1.1.111. 115; 11.13.705 
H o e r i n g . T . C . I I I .9 .597 
H o f f . A . J . 1.2.197; 1 .4 .399,403 
H o g a n s o n , C . W . 1.5.463, 479 
H ö g l u n c l , A . - S . I V . 10.617 
H 0 j . P . B . II .1.49 
H o j e r - H a n s e n . G . I I .3 .277 
H o l b r o o k . G . P . I I I .5 .399 
H o l m e s . N . G . 1.1.49; 11.14.757 
H o l r o v d , J . A . I V . 8 . 5 0 7 
H o l t . R . E . 1.4.423 
H o l t e n . D . 1.2.169 
H o l t u m . J . A . M . I I I . 4 . 345 ; I I I . 7 .527 ; 111.10.735 
H o l z w a r t h , A . R . 1.1.53. 61, 67 . 71 
H o m a n n . P . M . 1.5.649. 657 
H o n g . Y . I I I .2 .149 
H o n g . Y . Q . III .2.217 
H o p e . A . B . III .2 .149 
H ö p l n e r , M . I I .5 .363 
H o r t o n . P . I I . 7 .489 ; 11.13.681; I V . 1.59 
H o r v a t h . G . 11.11.569 
H o r v ä t h . L . I . 11.11.569 
H o s h i n a . S. 11.11.581 
H o u g h t o n . J . D . I V . 8 . 5 0 7 
H o u r s i a n g o u - N c u b r u n . D . II . 1.221 
H o w e l l . D . A . I I . 1.161 
H o w i t z , K T . I I I .9 .593 
H o w l c y . K . I I .5 .375 
H u a n g * D . - D . I V . 8 . 4 2 3 
H u a u l t . C . I V . 8 . 4 4 9 
H u b e r , S . C . I I I . 10.717. 725 
H u b i c k . K . T . I V . 5 . 2 0 9 
H i m e r , N . P . A . I V . 2 . 1 1 9 , 123, 127 
H u n t , M . D . I V . 1 0 . 6 7 5 
H u n t e r . C . N . 1.1.13; III .11.779; IV .11 .733 . 737 
H u n z i k e r , D . 1.5.487. 597 
H u s i c , D . W . I I I .9 .557 
H u s i c . H . D . I V . 6 . 3 1 7 
H u p p e , H . C . I I I .6 .443 
Iba , K . I I . 7 .497 
Ide . J . P . 1.1.131; 1.2.257 
Iga ra sh i . S. 1.5.709 
I k e g a m i . I. 1.2.265: 1.3.303 
I k e u c h i . M . 11.15.805 
I m p e n s , I. IV.7.411 
I n o u e . K . II .1.45 
I n o u e . Y . 1.2.285: 1.5.645, 649 . 653 : 11.15.805 
I r c l a n d . C R . 11.11.557 
I saacson . R . A . 1.4.379 
I s h i k a w a . H . I V . 9 . 5 4 3 
I s l a m . K . 11.13.715 
I s m a i l o v . M . A . 1.2.161 
I soga i . Y . 1.5.483 
I t o h . S. 1.2.265: 1.5.483; I I .7 .497 
I v a n o v , A . G . 11.13.741 
I v c y . S. I I .4 .317 . 321 
I w a t a . K . 1.1.33 
J a c k s o n . J . B . I I I .2 .127 
J a c k s o n . W . J . IV.11 .721 , 725 
J a c o b , J . S . II.1.217 
J a c o b s , F . H . H . I I .1 .205 , 209 
J a c o b s . J . M . I V . 8 . 4 3 7 
J a c o b s . N . J . I V . 8 . 4 3 7 
J a c q u o t . J . - P . I I I .3 .241 . 249 
J ä g e r . U . I V . 5 . 2 3 7 
J a h n k e , L . S . 11.11.577. 589; I V . 6 . 3 5 3 
J a n s s o n . C . 1.5.697 
J a w o r s k a y a , V . K . III .5.431 
J c n n i n g s , R . C 11.13.715 
J e n s e n , K . M . I V . 1 0 . 6 3 7 
J e n s e n , R . G . ISI .4 .273 . 281 
J i a n - p i n g , C . 11.12.657 
J i a n - p i n g . X . 11.12.657 
J o h a n s s o n , G . II 1.6.495 
J o h n s t o n . A . M . I V . 6 . 3 3 3 
J o n e s . J . W . I V . 7 . 4 1 5 
J o n e s . R . W . I I .7 .441 . 445 
J u n e s c h . U . III 2 173. 177 
J u n g J i n O h . 1.1.37 
J u n g e , W . 1.5.511; I I I .2 .133 . 141 
K a d c r b h a i . N . I I I . 10.747 
K a e t h n e r . T . M . I V . 10.617 
K a f a l i e v a , D . 11.13.741 
K a g a n - Z u r , V . I I I .4 .289 
K a ^ s e v a . E . 11.14.793 
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K a j i u r a . H . 1.5.701 
K a l l a s . T . I V . 12.801 
K a l l - T o n e s . W . I I I . 10.717 
K a p i t ä n , S . W . III .4.341 
K a p l a n . A . I V . 6 . 2 8 9 , 297 , 301 
K a p s a , V . 1.3.315 
K a r e h e n k o . S . G . 1.4.415 
K a r u k s t i s . K . K . 1.1.119 
K a r u n e n . P . IV .2 .115 
K a s e m i r . I i . I V . 9 . 5 6 1 
K a s i n o . Y . 1.5.625 
K a s s u m o v . K . K . III .5.431 
K a t o h . A . I I . 1.45 
K a t o h . S. 1.5.625. 709; II .1.77 
K a w a m u r a , H . I V . 9 . 5 4 3 
K e c l e . D . I I I . 9 . 6 3 3 . 637 
K e e g s t r a , K . I V . 9 . 5 6 9 
K e l l e y . S . R . III.11.831 
K e n d a l i , A . C . I I I .9 .611. 629 
K e s s i s s o g l o u . D . P . 1.5.725 
K e y . J . L . I V . 2 . 1 4 3 
K e y s . A . J . I I I . 5 . 395 ; I I I .9 .611. 629 
K h a v a r i - N e j a d . R . A . I V . 7 . 4 1 9 
K i e l e c z a w a . J . 11.11.585 
K i i r a t s . A . I V . 5 . 2 4 5 
K i r m a i e r , C . 1.2.169 
K i r s c h b a u m , M . U . F . I V . 5 . 2 5 7 . 261 
K i t a o k a . S. I I I .9 .577 
K i t a y a m a . M . I I I .6 .499 
K l a v e r , J . C . I V . 1.43 
K l e c z k o w s k i , L . A . I I I .9 .565 
K l e i n , M . P . 1.2.249; 1.5.557, 561. 565 , 573 
K l e i n . R . R . IV.9 .511 
K l e i n . U . III.10.713 
K l e s s i g . D . F . I V . 9 . 5 6 5 
K l i m o v . V . V . 1.5.581 
K l o p p s t e c h , K . I V . 1.79 
K l u g . D.R. 1.1.95, 131; 1.2.257 
K l u g . G . IV.11.691 
K n a l T . D . I I I . 6 . 4 3 5 : I V . 11.745 
K n o b l o c h , K . I I I .2 .229 
K n o e t z e l . J . II .1.137: II.5.351 
K n o p p i k , D . I V . 5 . 2 2 9 , 233 
K n o w l e s , V . L . I II .10.693 
K n o x . R . S . 1.4.445 
K o b a y a s h i , I L III.5.411 
K o b a y a s h i , M . 1.3.303 
K o e n i g . F . I V . 1.95 
K o i k e ^ I L 1.5.645 
K o j i m a , Y . I I . 1.57 
K o l a c z k o w s k i , S . V . 1.1.25; 1.2.213; 1.4.363 
K o l b o w s k i . J . 11.13.745 
K o m a t s u - T a k a k i . M . III .1.45 
K o p e l i o v i t c h . B . S . I II .2 .153 
K o p p e n a a l , F . I I . 1.177 
K o s o w e r , N . S . I I I .3 .253 
K o t z a b a s i s , K . IV .8 .491 
K o v a c s , G . 1.2.221. 
K o z i c r a d z k i , I. I V . 10.687 
K o z u b c k . A . II.11.585 
K r a a y e n h o f . R . II.1.177 
K r a b , K . II.1.177 
K r a m e r , D . 11.12.665 
K r a u s e , G H . I V . 1.19 
K r a u s e , H . 1.1.87; I I .8 .505 
K r e i m e r , G . I I I .4 .345 
K r e u t z , W . 1.2.177; 1.3.329; 1.4.383 
K r i s h n a n . M . I V . 9 . 5 8 9 , 593 
K r i s h n a n , V . A . I I I .7 .515 
K r i s h n a s a m y . S. I V . 9 . 5 9 3 
K r o g m a n n , D . W . I V . 1 2 . 7 9 7 
K r o L M . I V . 2 . 1 2 3 , 127 
K r s t i c , B . I V . 7 . 3 9 5 
K r u p a , Z . IV .2 .119 
K u . M . S . B . I I I . 9 .637 ; I V . 6 . 3 5 7 
K u a n g . T . Y . I I . 13.729 
K u b c x A . I I . 1.45 
K u b o , S. I V . 9 . 5 4 3 
K u h l b r a n d t . W . 1.1.131; 1.4.443 
K u l i g , E . I I . 11.585 
K u l i , U . 11.13.713 
K u m a r . A . I I I . 4 . 3 6 3 ; I V . 7 . 4 0 3 
K u m p L B . I M . 1 5 3 
K u r u c s e v . T . 1.3.337 
K u s u n o k i . M . 1.5.729 
K u w a b a r a , T . 1.5.705; I V . 10.629 
K y l c , D . J . 11.11.593 
L a a s e n . H . I V . 1.19 
L a c o l T . N . M . 1.2.289 
L a c z k o . I. I I . 14.793 
L a i s k . A . I V . 5 . 2 4 5 
L a m p t o n . J . D . U M . 5 7 
L a n n o y e . R . I I I . 11.827 
L a r k u m . A . W . D . II.1.189 
L a r r i n u a . I . M . I V . 10.649 
L a r s s o n . U . K . I I . 2 .253 : 11.13.669, 677 
L a t z k o . E . I I I . 4 .345 ; I I I . 6 .475 ; I I I . 7 .527 : 
III .10.735 
L a u d e n b a c h . D . E . IV .12 .797 
L a v o r e l . J . 1.5.613, 673 
L a w l o r . D . W . I I .5 .359 ; I I I .9 .665 
L a w y e r . A . L . III.11.831 
L e a . P . J . I I I . 9 .625 . 629 
L e b l a n c . R . M . 1.1.127: 11.12.625. 629 
L e e . P . I V . 1.59 
L e e . S. I V . 9 . 5 3 9 
L e e . S . A . III.11.819 
L e e . W . - J . I I .2 .233 
L e m a i r e . C . I V . 10.655 
L e u . S. I V . 9 . 5 8 5 
L e h n h e r r . B . I V . 5 . 2 8 3 
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L c m i c u x . S. 1.5.633 
L c m o i n c . Y . II . 1.105: II.5.371 
L c r m a . C . III .1.87 
L c v i n e . L . 1.2.169 
L i . D . Y . III .1.37 
L i . X . 1.5.725 
L i . Y . - s . I I I .4 .337 
L i . Y . Z . III .2.217 
L i e b e t a n z . R . I V . 11.691 
L i l l . II. I I I .2 .133, 141 
L i l l e y . R . M e C . I V . 4 . 1 9 3 
L i n . S. 1.4.445 
L i n . S . O . 11.13.729 
L i n . T . P . I I I . 10.693 
L i p s , S . H . I I I .4 .289 
L j u n b e r g . U . II.1.121. 125 
L o a e h , P . A . 1.3.325; II .1.25 
L o B r u t t o . R . L . 1.2.217 
L o c k a u . VV. II . 1.37 
L o c k h a r t . D . J . 1.1.17 
L o n g . S . D . 11.11.557: I V . 2 . 1 3 1 , 139 
L o r i m e r . G M . I I I .5 .387 
L o t t s p e i e h . F . 1.4.407 
L o u s . E . J . 1.2.197: 1.4.399 
L o w . P . S . IV .2 .127 
L u c a s . W . J . IV .6 .341 
L u d g a r . M . II .6.417 
L u d l o w . M . M . IV.3.161 
L u k e n s , J . M . I V . 9 . 5 1 9 
L u k o w . L . III 4 .345 
L u n d e g a r d h , B . III.11.823 
L u t z . M . 1.4.395. 441 
M a c D o n a l d . F . D . III .10.729 
M a c F a r l a n e , J . F . I V . 6 . 3 3 3 
M a c h e , R . I V . 9 . 5 4 7 
M a c h o l d , O . I I . 1.113 
M a c i o s z e k . J . A . III.3.261 
M a c k i e . N . D . I I .3 .273 
M a c n a b . F . I I .5 .359 
M a d o r e . M . I I I .9 .645 
M a e c h l e r , F . I V . 5 . 2 8 3 
M a h o n . J . D . I V . 7 . 3 8 5 
M a i s o n - P e l e r i , B . 1.5.613, 673 
M a i s s o n . E . IV .2 .119 . 123, 127 
M a l e k , L . I V . 10.687 
M a i k i n . R . I I .7 .465 ; I V . 12.801 
M a l k i n . S. 11.13.749 
M a l y a n . A . N . I I I . 1.21 
M a n n a r M a n n a n . R . I V . 9 . 5 8 9 . 593 
M a n o d o r i . A . I I .2 .249 
M a n s f i e l d . R . W . 1.2.241. 245 
M ä n t e l e , W . 1.2.177. 261; 1.3.329; 1.4.383 
M a r a , II. I I . 1.29 
M a r c u s . F . III.6.471 
M a r c u s . Y . IV .6 .301 
M a r d e r . J . B . I L 1.89 
M a r e n g o . T . I V . 4 . 1 9 3 
M a r ö t f . P . II.6.401 
M a r q u e z . L A . III.3.261 
M a r r s , B . L . IV.11 .699 
M a s a m o t o . K . II.1.149 
M a s o j i d e k , J . I V . 1 . 5 5 
M a s s a c c i . A . III 5 427 
M a s s e n e t . O . I V . 9 . 5 4 7 
M a s s o n . K . II.6.421 
M a t t h i j s . I I . C D . 11.10.545 
M a t h i s . P . 1.2.151. 233 
M a t t o o . A . K . III.11.799 
M a u z e r a l l , D . I I . 1.65 
M a v a n k a l , G . 1.5.661 
M a w s o n . B . I V . 5 . 2 7 3 
M a y e r . S . M . I V . 8 . 4 3 5 
M c C a i n . D . C 1.5.661 
M c C a r t y . R . E . I I I . 1.57, 61: I I I .9 .593 
M c C a u l c y . S . V . I I . 2 .245 : I I .4 .305 
M c C o m b . J . C . I I .6 .387 
M c D e r m o t t . A . E . 1.2.249; 1.5.557, 561. 565 
M c F a d d c n . B . A . I I I .5 .419. I V . 12.837 
M c l l a l e . N . A . III.9.581 
M c i n o r y , S. I V . 6 . 3 3 3 
M c L a u g h l i n . A . C . 1.2.217 
M c L a u g h l i n , W . E . I V . 10.649 
M c M o r r o w , E . M . I I I . 4 . 3 3 3 : I I I .6 .483 
M e c k . E . 11.13.709 
M e e k . J . I I I .5 .387 
M e i b u r g . R . F . 1.4.403 
M e j i a . A . III .1.75 
M e l a n d r i , B . A . III .2.193 
M e l i s . A . II .1.185: I I . 2 .245 . 249 . 253 , 257. 261. 
265; 11.4.305; I I .5 .355 ; I V . 1.27; I V . 4 . 1 8 9 
M e l k o n i a n . M . I I I .4 .345 
M e l l v i g , S. III .4.317 
M e n d e . D . II.7.481 
M e r c h a n t . S. I V . 10.663 
M e r l i n , E . I V . 10.653 
M e r r i l l . S. 1.5.689 
M e l s . L . . I . 1.1.83, 135: I I I . 9 .633 . 637 
M e t z . J . G . I V . 10.679 
M e u n i e r . C . P . 1.5.733, 737 
M e y e r . D . I I I .6 .467 
M e y e r . H . E . I I I .1 .99; III.11.787 
M i c h e l . I L 1.4.353: III.11.771 
M i c h e l . H . P . I V . 9 . 5 8 5 
M i d d e n d o r f . T . R . 1.1.17 
M i g i n i a c - M a s l o w , M . I I I .3 .241 , 249 
M i l c s . D . I I I . 1.53; I V . 10.675 
M i l l e r , A . - F . 1.5.601 
M i l l e r . K . R . II .1.217: I I .4 .309 , 313 
M i l l e r , M . 11.14.789 
M i l l e r , T . E . IV .7 .361 
M i l i n e r . P . A . II .1 .89; 11.15.809 
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M i l l s . . I . D . I I I . 1.49; III .2.201 
M i l l s . W . R . I V . 10.683 
M i n i u m . M . 1.1.91 
M i n a m i . E . - i . I V . 10.629 
M i t c h e l l . R . I I .8 .513: II.9.521 
M i t s u i . A . 11.12.649 
M i y a c h i . S. I V . 8 . 4 5 4 
M i y a o . M . 1.5.453. 613. 701. 705 
M i v a o k a . T . 1.5.709 
M i z i o r k o . U . M . I I I .5 .403 
M o h a n t y . N . 11.11.581 
M o h a n t v . P . II.11.581. 597. 605 
M ö l l e r . B . L . 11.1.49 
M o l n a r . S . A . I I .9 .525 
M o n e l l . C R . 1.1.119 
M o n g e . E . IV .4 .201 
M o n r o y . A . IV .9 .581 
M o n s o n . R . K . III .9.641 
M o o r e . B . d . I V . 6 . 3 5 7 
M o o r e . A . L . I I I .4 .359 
M o r i s h i g e . D . 11.13.697 
M o o r e . A . L . I I I . 9 .585 . 589 
M o r g a n . C L . IV.7 .361 
M o r o n e y . J . V . I V . 6 . 3 1 7 
M o r r e l l . M . I I I . 10.693 
M o r r i s s e y . P . .L I I .4 .305 
M o r s e . P . D . 11.12.665 
M o s e r . C C . I I .6 .413. 437 
M o s s . D . A . 11.7.453. 461 
M o u a l e m - B e n o . D . IV .4 .185 
M o u s s e a u . A . II.1.221 
M o y a . 1. I.I.III. 115: 11.13.705 
M u e l l e r . J . I V . 5 . 2 8 3 
M u k h e r j e e . U . III .10.735 
M u l i n e a u x . C . W . 11.14.757. 765 
M u l l e t . J . E . IV.9.511 
M u l l i n . C A . IV .12 .757 
M a m m a . R . O . I V . 12.757 
M u c a s e . M . I V . 10.629 
M u r a t a . N . 1.5.453. 613. 701. 705: IV .10 .62 
M u r a t a . T . 1.5.705 
M u r p h y . R . C I V . 12.769 
M u r r a y . A . J . S . I I I .9 .625 
M u s e h i n e k . G . I I I .3 .269 
M u s k a v i t c h . K . M . I V . 9 . 5 1 9 
M v a t t . J . F . I II .2.127 
N a b c d r v k . E . 1.2.177. 261: 1.3.329; 1.4.387 
N a h e r . . I . D . III.11.767 
N a g a o . R . T . IV .2 .143 
N a k a z a t o . M . 1.3.303 
N a n b a . ü . I I . 1.69 
N e a l e . P . J . 11.5.355 
N e c h u s h t a i . R . I I . 1.41; I V . 9 . 5 7 3 
N e d b a t . L . I V . 1.55 
N e i m a n i s . S. I I I .4 .293 
N e u h a u s . U . E . 111.10.735 
N e u m a n n . K . I L I I I .4 .363 
N e w e l l . W . R . I L 3 . 2 6 9 
N e w m a n . S . M . IV.10.671 
N i c h o l s o n . S. I I I .6 .463 
N i e d e r e r . E . II.1.13 
N i e d e r m a n , R . A . 1.1.29; I V . 11.729 
N i e r . W . I I I . 1.99 
N i g g e m e y e r . S. I I I . 1.29 
N i k o l a u . B . . I . I V . 9 . 5 6 5 
N i l s c n . S. I V . 1.87 
N i s h i m u r a . M . I I .7 .497 
N i s h i o . J . N . I I I .7 .523 
N i t s c h k e . W . I I .1 .37. 165: I I .7 .477 
N i x o n , P . J . III.11.779 
N o c t o r . G . D . III .1.49 
N o e s b e r g e r . .1. I V . 5 . 2 8 3 
N o g u c h i . T . 1.1.33 
N o r d e n . B . 1.3.337 
N o r r i s . J . R . 1.1.25: 1.2.213; 1.4.363. 371 
N o u r . T . A . I V . 7 . 3 9 3 
N u g a w e l a . A . IV.2 .131 
N u g e n t . J . H . A . 1.2.241: II.1.9 
N u i j s . A . M . 1.2.185. 229 
N u r m i . A . I I .5 .339 
N u t t . I L II . 1.53 
O e l m ü l l e r . R . IV .9 .561 
O e t l m e i e r . W . I I .6 .421; III.II.815 
O g a w a . T . I V . 6 . 2 9 7 . 301. 309 
O g r e n . W . L . I I I .5 .371 . 379 
O h a d . I. I II . I I .791: I V . 1 . 7 9 
O h a d . N . III .11.807. 811 
O h - H a m a , T . I V . 8 . 4 4 5 
O h k i . K . II.1.157 
O j a . V . I V . 5 . 2 4 5 
O k a i i m r a , M . Y . 1.4.379; 111.11.775 
O K e c l e . D . I I .7 .469 
O l i v e , J . 11.4.325. 329 
O l i v e r . D . J . I I I . 9 .569 . 573 
O l s o n . J . M . 1.3.341 
O ' M a l l c y , P . J . 1.5.463. 475 
O m a t a . T . I V . 6 . 3 0 1 . 309 
O n o . T . - a . 1.5.649. 653 
Ö q u i s t , G . I V . L I 
O r t . D . R . I I .2 .241: I I I .2 .205 : I V . 2 . 1 0 3 : 
IV .3 .153 
O r t i z - L o p e z . A . I V . 3 . 1 5 3 
Osa l ' une . T . I V . 9 . 6 0 9 
O s m o n d . C . B . I V . 3 . 1 5 7 
O t t o . .1. I II .1.99 
O u t l a w J r . . W . H . I V . 5 . 2 6 5 
O w o r a h - N k r u m a . R . I I I . 1.99 
O w e n s . T . G . 1.1.83. 135 
O w t t r i m . G . W . I V . 12.833 
O x b o r o u g h . K . I I .7 .489 
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P a c k e r . N . I V . 8 . 4 8 7 
P a e k h a m , N . K . IV.1.71 
P a c k l o c k . M . L . I I I . I I .775 
P a k r a s i . H . IV .10 .679 
P a k r a s i . H . B . I I .2 .233 ; IV.12.813 
P a l i w a l . R . 11.11.561 
P a l t a . J . P . I V . 2 . I I I 
P a n c o s k a . P . 1.3.315 
Pannee i s . P . I I I . 11.827 
P a p a g e o r g i o u . G . C . 11.14.785 
Pare t t . K X L 1.2.253 
P a r k a s h . J . I I .3 .289 
P a r k e s - L o a c h . P . II . 1.25 
P a r r y . M . A . J . I I I . 5 .395 : III .9 .611: IV .7 .361 
Passera , C . I I I .3 .265 
Pa te . J . S . I I I .8 .535 
P a t e l . M . I I I .9 .585 
P a t e l . P . K . 11.10.549 
Pa t r i e . W . J . III .1.53 
P e a r c y . R . W . I V . 5 . 2 5 7 
P e c k e r . I. III .11.807. 811 
P e c o r a r o . V . L . 1.5.725 
P e d c r s c n . J . P . 1.3.341 
P e d e r s e n . J . Z . 11.14.789 
Pe l an t . I. 1.3.315 
P e l l i e r . G . 11.12.653 
P e r c i v a l . M . I V . 1 . 4 7 
P e r s s o n . L . - O . I I I .6 .495 
Pe te r . G . F . II.1.101 
Pe te r sen , .!. 1.2.237 
P e t e r s o n . C . C . I I . 1.41 
P e t e r s o n . R . B . I I I .9 .549 ; IV .5 .213 
Pe t rou l ea s . V . 1.5.721 
P h i l l i p s . A . L . III .9.6I1 
P i c k , U . I I .1 .93 . 97 
P ico re t . R . 1.4.423 
P i e r . P . A . IV .3 .173 
P i e r c e . J . I I I .5 .387 
P i e t r o h o n , D . III .2.193 
P l a y l . L . A . I V . 12.785 
P l a t t - A l o i a . K . A . II .3 .285 
P l i j t e r . J . J . 1.4.435. 439; 1.5.533 
P l u m l e v . F . G . 11.15,805: I V . 10.637 
P o d e s t a , F . F . III.7.531 
P o n s e . G . III .2.157 
P o p o v a . L . P . I I I .9 .669 
P o p o v i c . R . 11.12.625. 629 
P o p o v i e . Z . 1.2.221 
Po r t e r . G . 1.1.95, 131; 1.2.257 
P o r t e r . M . A . III.6.451 
Po r t e r . R . D . I V . 1 2 . 7 5 7 . 761, 769 
Por t i s J r . . A . R . I I I . 4 .367 : I I I .5 .371 . 379 . 383: 
IV .2 .103 
Pos t . A . I I .8 .509 
P o w l s . R . I I I .6 .463 
Prc i s s . J . I I I .10 .693. 701 
P r e s t o n . C . I I .3 .273 
P rcus se . S. III.11.815 
P r i c e . C A . I V . 10.667 
P r i n e e . R . C IV.11 .721 . 725 
P r i o L i l . J . L . I V . 9 . 5 5 3 
P r o u d l o v e . M . O . I I I . 4 .359 : I I I . 9 .585 . 589 
P u r i n e n . T . I I . 5 .375 : 11.13.753 
Q i a n . T . O - II L I . 103 
Q i . S. 1.5.585 
O i u - c h e n . C 11.12.657 
O u i c k . W . P . III.2.201 
O u i n t o . .1. I I L 2 . 2 2 5 
R a d i n e r . R . J . 11.11.593 
R a d u n z . A . I V . 9 . 6 1 3 . 617 
Ral ' a les . M . I I I . 10.759 
R a n d a l l . D . D . I I I .9 .565 
R a n g e r . C I I I .9 .657 
R a o . I . M . I I I . 4 .325 : I I I .10.751. 755: I V . 3 . 1 4 7 
R a o . K . K . 11.12.645 
R a s c h k e . K . IV.5 .281 
R a s h w a n . F . 1.3.329 
R a t a j c z a k . R . II.9.521 
R a v e n . J . A . I V . 6 . 3 3 3 
R a v e n e l . J . 11.12.653 
R a v i z i n n i . R . A . I I I . 1.79 
R a y n e s , D . A . I I I .4 .273 
R c b a n e . K . K . 1.1.41 
R e h e i z . C A . I V . 8 . 4 3 9 
R e d c l y . K . J . I V . 1 2 . 7 7 3 . 777 
R e d l i n g e r . T . E . IV.11 .741 . 745 
R e e s . D . C 1.4.375 
R e i m e r . P . 111.11.827 
R e i n h o l d . L . I V . 6 . 2 8 9 . 301 
R e i s k i n d . J . B . I V . 6 . 5 4 5 
R e i t h . M . E . I V . 12.797 
R e m y . R . 1.1.115 
R e n g e r . G . 1.5.515. 519. 541. 545: I I I . 11.783 
R e n s i n g . L . II.1.137 
R e y s s . A . I V . 9 . 5 5 3 
R i c a r d . .1. I I I .6 .447 
R i c c o h o n o , .1. II . 1.25 
R i e h . P . R . I I . 7 .453 . 461 
R i c h a r d s . G . E . I V . 1 . 3 9 
R i c h a r d s . R . A . I V . 5 . 2 0 9 
R i c h a r d s . W . R . I V . 8 . 4 7 5 
R i c h t e r . M . I I .5 .363 
R i c h t e r . M . L . III .1.57 
R i d l c y . S . M . 11.10.549 
R i e s J r . . U . E . I I .4 .333 
R i e t h m a n . H . C II.1.145. 149; I I . 5 .379 : 
I V . 12.773 
R i k i n . A . IV.9 .581 
R i v i e r e . M . I I I .6 .447 
R o b e r t , B . 1.4.395, 441 
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R o b e r t s . D . I V . 2 . 1 2 / 
R o b e r t s . J . K . IV .2 .143 
R o b e r t s o n . D . E . 1.2.217: 11.6.405. 409, 437 
R o b i n s o n . C . I V . 9 . 5 6 9 
R o b i n s o n . I I . I I .6 .429 : I V . I 2 . S 2 5 
R o b i n s o n . J . M . I I I .S .545 
R o b i n s o n . S . J . I V . 11.741 
R o d c r m e l . S . R . I V . 9 . 5 1 9 
R o d r i g u e s . M . L . I V . 3 . L S I 
R o d r i g u e z . I . D . 1.5.463. 471. 475 
R o e l o l s . T . A . I I .5 .383 
R o g n e r . M . I I I . 1.25 
R o m a n o w s k i . M . 1.1.127 
R o m e r o . I. I I I .2 .225 
R o n g e y . S . H . III.11.775 
R o o k . S. IV.11.713 
R o o t . L . L . 1.2.253 
R o s e m a n n . D . IV .9 .561 
R o s e n g a r d . F . 1.5.677 
R o s s . D . I V . 1.71 
R o u x . E . III .2.213 
R o y . I L I I I .5 .423 
R o z i e r . C . I V . 9 . 5 4 7 
R ü d i g e r . W . IV.8 .461 
R ü h l e . W . I I .5 .363 
R u m b e r g . B . I I I .2 .1S5. 189 
R u r a i n s k i . H . J . 11.10.537 
R u s s e l l . D . R . IV .9 .519 
R u t h e r f o r d . A . W . 1.2.201. 277: 1.5.653 
S a a d . A . O . M . I V . 7 . 3 9 3 
S a b a l . S . C . II.11.5iSl 
Sage . R . F . I I I .4 .285 
S a h l i s . J . K . III .6.491 
S a k u r a i . I L I I .1 .57: III.1.13 
Sa l i s . P . I1I.11.S27 
S a l n i k o w . J . 1.5.697 
S a l v u c e i . M . E . I I I .5 .371 . 379 
S a n d e r s , C . E . 11.14.757. 761 
S a n d s i r ö m . A . 1.1.123 
San tos . C . P . I V . 1.63 
S a r i c . M . R . I V . 7 . 3 9 5 
S a r o j i n i . ( i . I I I .9 .569 . 573 : IV .12 .837 
Sassen ra th . G . F . I V . 2 . 1 0 3 
S a l o h . K . 1.4.379; 1.5.483. 625 . 709; II . 1.69, 73 . 
77 
S a u e r . K . 1.1.139: 1.2.249; 1.5.557. 561. 565 . 
569 . 573 
S a v i l l e . B . I V . 12.829 
S a w v e r . D . I . 1.5.717 
S a y c e d . S . A . II.11.605 
S a y g i n . ( ) . 1.5.523. 537 
S c h a t z . G . I I . 1.1.61. 67 
S c h e e r . H . 1.1.143: 1.4.411 
S c h e u e n . M . A . M . I I . 1.209 
S e h e l i c z y k . B . I I .5 .347 
Sehe ibe . R . I I I .3 .233 
Schi f f . J . A . I V . 9 . 6 0 5 
Sch i f fe r . M . 1.4.363, 371 
S c h i c k l e r . H . III .2.153 
S c h l o d d e r . E . 1.5.523 
S c h m i d . ( L H . 1.5.549: III .9.617 
S c h m i d t . G . III.1.91 
S c h m i d t . G . W . 11.15.805: I V . 1 0 . 6 3 7 . 645 
S c h m i d t . W . IV .8 .491 
S m i t h . A . G . IV.10.617 
S c h m i t t . J . M . I V . 2 . 1 0 7 
Schneegu r t . M . A . IV.8 .431 
S c h o c n k n e c h t . G . III .2.133 
S c h o n l e l d . M . III .2.153 
S c h r ö d e r . W . P . 1.5.665 
S c h r o e d e r . H . - U . I I . 1.37 
S c h ü l l . I L III . I .17 
S c h u m a n n . J . I I I . 1.9 
Schus te r . G . I V . 1.79 
S c h w ä r m . H . - M . I I I .2 .229 
S c h w a n z . P . II.1.29 
S c h w a r t z b a c h . S . D . IV .9 .581 
S c h w e n d e r . J . R . I V . 9 . 5 3 5 
S c h w e r z m a n n . R . I I . 1.21 
S e e m a n n . J . R . I1I.4.285. 321 
S e i t o r . R . E . B . I I I .4 .273 
Se ibe r t . M . 1.4.423: 1.5.589. 673; 11.4.297: 
I V . 10.679 
S e i i n g e r . I L I V . 5 . 2 2 9 . 233 
S e l s t a m . E . I I .1 .225. 229 
Senge r . I I . L I . 7 1 : IV.8 .591 
S e n - G u p t a . A . IV .3 .177 
S e r r a n o . A . I I I .6 .439 
Serva i tes . J . C . I I I .5 .391 . 395 
Set i f . P . 1.2.233 
S e l m a n . B . R . III .1.107, III 
S e l m a n - R e i m e r , S. I I I . 1.1 II 
Senge . M . IV.8 .491 
Senger . I L IV.8 .491 
S e t l i k . I. I V . 1.55 
S e t l i k o v a . E . I V . 1.55 
Se to . I L I V . 8 . 4 4 5 
S h a l i e v . M . A . 1.5.581 
S h a r k e y . I . D . IV .3 .157 
S h a r p . R . R . 1.5.553 
S h a w . E . K . I V . 9 . 5 3 5 
S h e a l f e r . C G I V . 7 . 3 6 9 
Shea ts . . I . E . 1.5.721 
S h e r m a n . L A . 11.1.145. 149: I I .5 .379 
S h i m i z u . T . II .1.45 
S h i n o h a r a . K . I V . 9 . 5 3 9 : I V . 10.629 
S h i n o z a k i . K . 1.5.701 
S h i o z a w a . J . A . 1.4.407 
S h k u r o p a t o v . A . Y a . 1.2.161 
S h a h a k . Y . III.1.41 
Shapes . R . J . I I . 6 .387 . 397 
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S h a r k e y . T . D . II1.4.285. 321 
S h a r p . R . R . III .1.71. 119 
S h a v i l . N . III.1.1 
ShealTer . C C I V . 7 . 4 6 9 
S h e n . . I . Y . I V . 9 . 5 1 9 
S h c n . Y . K . I I I .1 .37. 103 
S h e n g . J . - S . I V . 12.793 
S h e r m a n . L . A . I V . 12.773. 777 . 7S5 
S h i . D . J . 11.12.641. 645 
S h i n g l c s . R . A . I I I .9 .645 
S h i n o h a r a . K . I V . 9 . 5 3 9 ; I V . 10.629 
S h o m c r - I l a n . A . IV .4 .185 
S h o w c l l . M . S . 1.3.349 
S h u - j u n . L i 11.12.657 
S h u v a l o v . V . A . 1.2.161. 229 
S i b h a k l . P . R . 11.11.573 
S i d l c r . W . A . II.1.153 
S i e b u r t h . L . E . I V . 9 . 5 3 1 : I V . 10.637 
S i egen tha l e r . P . - A . I I . 1.213 
S iga la t . C . III .2.169 
S i m k e n s . E . I V . 7 . 3 9 9 
S i m o n . J . P . I V . 7 . 3 9 9 
S i m p s o n . D . 1.3.307: 11.1.61. 81; I I .3 .277 
S i n c l a i r . J . I I .13.733 
S i n g h a i . G . S . I I .3 .289 : 11.11.561 
S i n n i n g . I. 111.11.771 
S i v a k . M . N . I I I .4 .301. 313 
S k a l a . L . 1.3.315 
S t a n k o v i c . Z . S . I V . 7 . 4 9 5 
S l o o t e n . L . 11.12.633: I I I . 1.95 
S l o v a c c k . R . E . II .1.33 
S m c c k c n s . S. I V . 9 . 5 6 9 
S m i t . 1-1.WJ. 1.2.189. 229 
S m i t h . A . C . I V . 8 . 4 5 3 : I V . 10.717 
S m i t h . 13. II.1.185 
S m i t h . K . M . 1.3.307 
S m i t h . N . S . 1.2.245 
S m r c k a . A . V . 111.4.281 
S n c l . J . F . H . 11.12.613. 617. 621 
S n y d e r . U . K . 11.14.784 
S o i r o v ä . D . I V . 1.55 
S o l o v ' e v . A . A . II.1.17 
S o m c r s a l o . S. IV.2 .115 
S o m c r v i l l c . C . I V . 1.67 
S o m c r v i l l c . S . C . II.1.141 
S o n c i n i . F . C . I I I .6 .439 
S o t i r o p o u l o u . G . 11.14.785 
S o u c k o v a . L . 1.3.315 
S o u l i e . J . - M . I I I .6 .447 
S p a l d i n g . M . L I . I V . 6 . 3 2 9 
Spang fort . M . II . 2.265 
S p a n o . A . I V . 9 . 6 0 5 
S p a r r o w . R . 1.1.99 
S p c a r - B c r n s t c i n . L . I I .4 .309 
Spence r . L . 1.5.717 
S p i l a t r o . S . R . III.10.701 
S p i l l e r . S. I V . 12.801 
S p i l l m a n n . A . II .8.513 
S r i n i v a s a n , A . N . 1.5.553 
S t a d i o n . D . I V . 8 . 4 2 3 
S l a e h e l i n . L . A . I I . 4 .293 . 297: 11.13.69 
IV.9 .601 
S t a n k o v i c . Z . S . I V . 7 . 3 9 5 
S t e c k . K . 1.4.383 
Ste f fen . K . L . IV.2.III 
S i e h l i k . D . 1.2.237 
S t e i n . M . I I I .6 .459 
S t e ine r . R . 1.4.411 
S t e i n m e t z . D . I I .5 .347 
S t e u p . M . I I I . 6 .475 . 479 
S t e v e n . P. 1.5.589 
Stevens J r . . S . E . I V . 12.749. 757. 761 
S t ewar t . G . R . 111.9.585 
S t i r e w a l t . V . L . IV .12 .749 
S t i l t . M . I I I . 10.675. 685 
Strasser . R . J . 11.13.709. 713. 717 
S t raus . N . A . I V . 1 2 . 7 9 7 , 829 
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S t y r i n g . S. I I . 1.133 
S u k e n i k . A . I I .5 .367 
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S u t t o n , A . IV .9 .531 
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V i e r l i n g . E . IV . 2 . 143 
V i g e n s c h o w . I I . I I I .2 .229 
V i i l . J . I I I .4 .293 
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V i t s e v a , O . I . III.1.21 
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W e i n s l e i n , J . D . I V . 8 . 4 3 1 , 435 
W e i s , E . 11.11.553 
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Z e l i t c h . I. III .9.621 
Z e n v i r t h . D . I V . 6 . 3 0 1 
Z e p m e u s e l . R . 1.5.697 
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